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SIR, 

Do here moft humbly lay 
this (mall Prefent at Tour 
MajejUes Royal feet. And 
though it comes accompa- 
ny’dwith two disadvantagesmeannefs 
of the Author , and of the Subjell- yet 
in both 1 am incouraged by the greatnefs 
of your Mercy and your Knowledge. 
By the one I am taught, that you can 

A forgive 
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forgive the m o ft fire fumptuom Offmlors: 

And by the other, that you will not t- 
fteem the leaft work of Nature , or Art , 
unworthy your Obfervation. Am id ft the 
many felicities that have accompani’d 
your Majefties happy Rejtauration and 
Government, it is none of the leaft confi- 
derable, that Philofoghy and Experimental 
Learning have proffer'd u nder y ou r Royal 
Patronage. And as the calm profperity 
of your Reign has given us the leifure 
to follow thefe Studies of quiet and re- 
tirement , fo it is juft, that the Fruits of 
them fhould, by way of acknowledge¬ 
ment , be return’d to your Majejly. 
There are, Sir, feveral other of your 
Subje&s, of your Royal Society , now 
bufie about Nobler matters : The Im- 

- r N, ? - 7 

grovement of Manufactures and Agricul¬ 
ture , the Jncreafe of Commerce , the Ad¬ 
vantage of Navigation : In all which 
they are afsijled by your Majejlies lncou- 
ragement and Example. Amidft all thofe 

greater 
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greater Design's, 1 here prefume to bring 
in that which is more proportionable to 
the fmalnefs of my Abilities, and to 
offer fome of the kajl of all vifibk 
things -)to that Mighty King , that,has ejia<- 
blifhtan Empire over the , beffbf all In* 
vifible things of this Worlds the Minds 


of Men. 


L»l U 


[, \Vi i. ill JO 


‘( I I 




/. l\. X l 


O dl; 0 : 
i."J' Hi 




» t T 


!G? ft ’ ; "'I jOl VI ;/U V 1 /•! )■- i \ ( % 1 OTiob 

I . t m' • . i . y Os >. ! -...o > .«I 

t:, 

\\\ ’ b i JOY gniJo* 

Robert Hooke. 

_ _ N - 









TO THE 


OU' 


iVJ 



ROYAL SOCIETY- 

Fter my Addreji to our Great Founder and Pa- 
tron , I could not but think my felf oblig’d, 
in confideration of' thofe many engagements 
you have laid upon me , to offer thefe my 
poor Labours to this MOST ILLU¬ 
STRIOUS ASSEMBLY. YOU have been 
pleas’d formerly to accept of thefe rude Draughts . I have fince 
added to them fome Defections, and fome Conjectures of' my 
own. And therefore, together with YOUR Acceptance, I mud 
alfo beg YOUR pardon.The Rules YOU have prefcrib d YOUR 
felves in YOUR Philofophical Progrefs do feem the bed that 
have ever yet been pra&isd. And particularly that of avoiding 
Dogmatizing , and the efioufal of any Hypothecs not fufficiently 
grounded and confirm’d by Experiments. This way feems the 
mod excellent, and may preferve both Philofophy and Natural 
Hijiory from its former Corruptions.In faying which, I may feem 
to condemn my own Courfe in this Treatife ; in which there 
may perhaps be fome Expreffions , which may feem more pofitive 
then YOUR Prefcriptions will permit: And though I defire 
to have them underdood only as Conjectures and Queries (which 
YOUR Method does not altogether difallow)yet ifeven in thofe 
I have exceeded, y tk> fit that I fhould declare, that it was not 
done by YOUR Directions. For it is mod unreafonable, that 
YOU fhould undergo the imputation of the faults of my Con¬ 
jectures, feeing YOU can receive fo [mail advantage of reputa¬ 
tion by the fleight Obfervations of 

TOUR moft humble and 
mofl faithful Servant 

ROBERT HOOKE. 
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7 it the great prerogative of Mankind above other 
Creatures, that we are not only able to behold the 
works of Nature, or barely to fuftein our lives by 
them, but we have alfo the power of confidering^ 
comparing, altering, affifting, and improving 
them to various ufes.And at this is the peculiar priviledge of humane 
Nature in general\ fo is it capable of being fo far advanced by the helps 
of Art, and Experience, as to make fome Men excel others in their 
Obfervations, and Dedudions,almoJl as much as they doBeajls. By the 
addition of fuch artificial Inftruments and methods, there may befin 
fome manner, a reparation made for the mifehiefs, and imperfection, 
mankind has drawn upon it felf by negligence,and intemperance , and a 
wilful and fuperfitious deferring the Prefcripts and Rules of Nature, 
whereby every man, both from a deriv'd corruption, innate and born 
with him, and from his breeding and converfe with menfis very fubjed 
to flip into all forts of errors. 

The only way which now remains for us to recover fome degree of 
thofe former perfections, feems to be,by redifying the operations of the 
Sen k,the Memory, Rcd.fon,fmce upon the evidence,the ftrength, 
the integrity, and the right correfpondence of all thefe,all the light, 
by which our aUiions are to be guided, is to be renewed, and all our com¬ 
mand over things is to be ejiablifbt. 

It is therefore mofi worthy of our confideration, to recoiled their fe- 
feveral defeds, that fo we may the better underfiandhow to fupply them, 
and by what affiances we may inlarge their power,and fccure them in 
performing their particular duties. 

As for the adions of our Senfes, we cannot but obferve them to be in 

many 
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many particulars much outdone by thofe of other Creatures, andwhen 
at befi,to be far fhortof the perfection they feem capable of: And thefe 
infirmities of the Senfes arife from a double caufe, either from the dif- 
proportion of the Objeft to the Organ, whereby aninfinite number of 
things can never enter into thempr elfe from error in the Perception, 
that many things , which come within their reach, are not received in a 
right manner. 

The like frailties are to be found in the Memory ; we often let many 
things flip away from us, which deferve to be retain d ; and of thofe 
which we treafure up, a great part is either frivolous or falfe ; and if 
good, and fubfantial, either in trad of time obliterated, or at befl fo 
overwhelmed and buried under more frothy notions, that when there is 
need of them, they are in vain fought for. 

The two main foundations being fo deceivable, it is no wonder, that 
all the fucceeding works which we build upon them,of arguing, conclu- 
ding,definingfjudging, and all the other degrees of Reafon, are lyable to 
the fame imperfection, being, at befl, either vain, or uncertain: So that 
the errors of the underftanding are anfwerable to the two other, being 
defedive both in the quantity andgoodnefs of its knowledge ; for the li¬ 
mits, to which our thoughts are confi nd, are fnall in reffeCt of the vafl 
extent of Nature it felf ; fome parts of it are too large to be comprehen¬ 
ded, and fome too little to beperceived. And from thence it rnuji fol- 
low,that not having a full fenfation of the ObjeCi, we rnufl be very lame 
and imperfed in our conceptions about it, and in all the proportions * 
which we build upon it; hence we often take the fhadow of things for 
the fubftanc t, fnall appearances for good fimilitudes, fimilitudes 
for definitions; and even many of thofe, which we think, to be the mojl 
folid definitions, are rather expreffwns of our own mifguided apprehen- 
fions then of the true nature of the things themfelves. 

The ejfeds of thefe imperfedions are manifefledin different ways,ac¬ 
cording to the temper and diffofition of the fever a l minds of men, fome 
they incline to grok ignorance and fupidity , and others to a pre- 
fumptuous impofing on other mens Opinions, and a confident dog¬ 
matizing on-matters, whereof there h no affurance to be given. 
v - • •• Thus 
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Thus all the uncertainty and miftakes of humane alxions, proceed 
either from the narrownefs and wandring of our Senfes, from the flippe- 
rinefi or delufion of our Memory, from the confinement or rajhnefi of 
our Underftanding, fo that ’tis no wonder, that our power over natu¬ 
ral caufes and efiePis is fo f lowly improvd.feeing we are not only to 
contend with the obfcurity and difficulty of the things whereon we work, 
andthink,but even the forces of our own minds conffire to betray us:. 

Thefe being the dangers in the procefi of humane Reafon, the remedies 
of them all can only proceed from the real, the mechanical, the ex¬ 
perimental Philofophy,which has this advantage over the Philofophy of 
difcourfe and deputation, tfiat whereas that chiefly aims at the fubtilty 
of its Deductions and Conclufions, without much regard to the firft 
ground-work ., which ought to be well laid on the Senfe and Memory; 
fo this intends the right ordering of them all,and the making them fer- 
viceable to each other . 

The firfl thing to be undertaken in this weighty work-, is a watch- 
fulncfs over the failings and an inlargement of the dominion, of 
the • Senfes. 

To which end it is requifite, firfl, That there fijouldbe a fcrupu- 
lous choice,and a drift examination, of the reality, conflancy, and 
certainty of the Particulars that we adnuuThis is the firft rife where¬ 
on truth is to begin, and here the moft fevere, andmoft impartial dili¬ 
gence, muft be imptcyed ; the ftoring up of all, without any regard to 
evidence or vfe, will only tend to darknefs and confufion. We muft 
not therefore efteem the riches of outPhilofcphical treafure by the num¬ 
ber only, but chiefly by the weight ;themoft vulgar Inftmces are not to 
beneglePtedfiut above all, the moft inftruftive are to be entertain d ; 
thefootfteps of Nature are to be tracd,not only in her ordinary courfe, 
but when fibe feems to be put to her finfts,to make many doublings and 
turnings, andtoufe feme kind of artinindeavouringto avoid our 
difcovery. • . 

The next care to be taken, in reffePt of the Senfes, is a fupplying of 
their infirmities with Inftruments, and, as it were, the adding of arti-* 
ficial Organs to the natural ; this in one of them has been of late years 
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dccomplifit with prodigious benefit to all forts of ufeful knowledge , by 
the invention of Optical Glaffes. By the means of Telefcopes, there is 
nothing fo far diftant but may be represented to our view ; and by the 
help o/Microfcopes, there is nothing fo fmall, as to efcape our inqui¬ 
ry ; hence there is a new vifible World difcovered to the underftanding. 
By this means the Heavens are open d, and a vafl number of new Stars, 
and new Motions,, and new Productions appear in them ,, to which all the 
antient Ajlronomerswere utterly Strangers. By this the Earth it felf, 
which lyes fo neer us, under our feet, Jbews quite a new thing to us, and 
in every little particle of its matter, we now behold alrnoft as great a 
variety of Creatures, as we were able before to reckon up in the whole 
Univerfe it felf 

Itfeemsnot improbable, but that by thefe helps the fubtiltyof the 
compofition of Bodies, the ftrudure of their parts, the various texture 
of their matter, the inflruments and manner of their inward motions, 
and all the other poffible appearances of things, may come to be more 
fully difcovered ; all which the antient Peripateticks were content to 
comprehend in two general and ( unleft further explain'd) ufelejl 
words of Matter and F orm.From whence there may arife many admi¬ 
rable advantages,towards the increafe of the Operative, and the Me- 
chanick Knowledge, to which this Age feems fo much inclined, becaufe 
we may perhaps be inabled to difcern all the fecret workings of Nature, 
almofi in the fame manner as we do tbofe that are the productions of 
Art, and are managd by Wheels, andEngmes, and Springs, that were 
devifedby humane Wit. 

In this kind I here prefent to the World my imperfeCt Indeavours ; 
which though they ft) all prove no other way confiderabk,yet, I hope, they 
may be in fome meafure ufeful to the main Defign of a reformation 
in Philofophy,if it be only by fhewing, that there is not fo much requir'd 
towards it,any flrength cf Imagination,^ exaClnefs of Method,or depth 
(f Contemplat \oi\(though the addition of thefe,where they can be had, 
rnufi needs produce a much more perfed compofurt)as a fincere Hand, 
and a faithful Eye, to examine, and to record, the things themfelves 
as they appear. 


And 
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And I beg my Redder, to let me take the boldnefi to affure him, 
that in this prefent condition of knowledge, a man fo qualified, as / 
have indeavoured to be, only with refolution, and integrity, and plain 
intentions of imploying his Senfes aright,may venture to compare the re¬ 
ality and the ufefulnefi of.his fervices, towards the true Pbilofophy, with 
thofe of other men, that are of much fir onger,and more acute fpecula- 
tions ,thatfballnot make ufe of the fame method by the Senfes. 

The truth is, the Science of Nature has been already too long made 
only a work, of the Brain and the Fancy : It is now high time that it 
ffjould return to the plainnefi and foundnefl of Obfervations on ma-* 
terial and obvious things. It is faidof great Empires, That the bed 
way to preferve them from decay, is to bring them back to the 
firft Principles, and Arts, on which they did begin. The fame 
h undoubtedly true in Philofiphy,that by wandring far away into invi- 
fible Notions,has almojl quite dejlroyd it felfand it can never be re¬ 
covered, or continued, butby returning into the fame fenfible paths, 
in which it did at firjl proceed. 

If therefore the Reader experts from me any infallible Deductions, 
or certainty of Axioms, I am to fay for my felf, that thofe firtinger 
Works of Wit and Imagination are above my weak. Abilities ; or if 
they had not been fo, I would not have made ufe of them in thus pre¬ 
fent Subject before me: Whereever he finds that I have ventur'd at 
any fmall Conjectures, at the caufes of the things that I have obferved, 
Ibefeech him to look, upon them only as doubtful Problems,^ uncer-* 
tain ghefles, and not as unqueftionable Conclufons, or matters of un¬ 
confutable Sciences I have produced nothing here, with intent to bind 
hvs underfianding to an implicit confent ; I am fo far from that, that 
I defire him, not abfolutely to rely upon thefe Obfervations of my eyes, 
if he finds them contraditted by the future Ocular Experiments of fi¬ 
ber and impartial Difcoverers. 

As for my part, I have obtained my end, if thefe my fmall Labours 
fhall be thought fit to take up fime place in the large flock, of natural 
Obfervations, which fo many hands are bufe in providing. If I have 
contributed the meaned foundations whereon others may raife nobler 
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Superftru&ures, lam abundantly fdtisfied; and all my ambition it, 
that I may ferine to the great Pbilojophers cf tbit Age , at the makers 
and the grinders of my Glajfes did to me ; that I may prepare and fur- 
niflj them with fome Materials, which they may afterwards order and 
manage with better skilland to far greater advantage. 

The next remedies in this univerfal cure of the. Mind are to be ap~ 
plyedto the Memory, and they are to confifl of fetch Directions as may 
inform us, what things are befl to be. ftor’d up for our purpofe, and 
which is the befl way cf fo difpofing them, that they may not only be 
kept in fafay, but ready and convenienty.o be at any time produc’d^ 
ufe, as occaftori fehatl require. But I will not here prevent my felf in 
what I may fay in another Difcourfe , wherein 1 Jhall make an aU 
tempt to propofe fome Confederations of the manner cf compiling a Na¬ 
tural and Artificial Hiflory, andqf'fo ranging and regiftring its 
Particulars into Philofophical Tables, as may make them tnoft ufeful 
for the raifing of Axioms and Theories. 

The laft indeed is the moft hazardous Enterpriser and yet the moft 
neceffary ; and that is, to take fitch care that the J udgment and the 
Reafon of Man ( which is the third Faculty to be repair’d and im¬ 
prov'd ) ffjould receive fuch affeiftance, as to avoid the dangers to 
which it is by nature moft fubject. The Imperfections , which I have al¬ 
ready mention'd, to which it is lyable , do either belong to the extent, 
or the goodnefe of its knowledge ; and here the difficulty is the grea¬ 
ter, leaft that which may be thought a remedy for the one Jbould 
prove deftruftive to the other, leaft by feeking to Marge our Know^ 
ledge, we fkould render it weak, and uncertain ; and leaft by being 
too ftcrupulous and exad about every Circumftana cf it, we fhould 
confine and ftreighten it too much. 

In both thefe the middle wayes are to be taken, nothing is to be 
omitted, and yet every thing to pafi a mature deliberation.* No 
Intelligence from Men cf all Profejfwns, and quarters of the World, 
to be flighted, andyet all to be fo feverely examin’d, that there remain 
no room for doubt or inftability ; much rigour in admitting, much 
ftriftnefs in comparing,and above all, much flowneis in debating, and 

fhynels 


.The P R E F A C E. 

fhynefs in determining, is to be praHifed. The Underftanding is to 
order all the infer lour fervices of the lower Faculties ; but yet it is to 
do this onlf as a lawful Mafler, and not as a Tyrant. It muft not in- 
croach upon their Offices, nor take upon it [elf the employments which 
belong to either of them. It mufi watch the irregularities of the Sen - 
fes, but it mufi not go before them, or prevent their information . It 
mufi examine, range, and difpofe of the bank, which is laid up in the, 
Memory ; but it mufi be fure to r^^ediflinftion between the fober and 
well collefted heap , and the extravagant Ideas, and miflaken 
Images , which there it may fometimes light upon. So many are the 
links ,upon which the true Philofophy depends, of which,if anyone be loofe, 
or weak , the whole chains in danger of being dijfolvd ; it is to be¬ 
gin with the Hands and Eyes, and to proceed on through the Memory, 
to be continued by the Reafon ; nor is it to fop there, but to come about 
to the Hands and Eyes again, and fo, by a continual paffage round 
from one Facuity to another, it is to be maintained in life andftrength, 
as much as the body of man is by the circulation of the blood through the 
feveralparts of the body, the Arms, the Fat, the Lungs, the Heart, and the 
Head , 

If once this method were followed with diligence and attention, there is 
nothing that lyes within the power of human Wit (or which is far more 
efeciual) of human Induftry , which we might not compafi ; we might 
not only hope for Inventions to equalize thofe of Copernicus, Galileo, 
Gilbert Hai vy, and of others, whofe Names are almofl loft, that were the 
Inventors of Gun-powder, the Seamans Compafs, Printing, Etching, 
Graving, Microfcopes, &c. but multitudes that may far exceed them : 
for even thofe difeoveries feem to have been the produtxs of forne fuchrne- 
tbod, though but hnperfdx ; What may not be therefore expelled from it if 
thoroughly profecuted? Talking and contention of Arguments would 
foon be turn dinto labours; all the fine dreams of Opinions, and uni- 
verfal metaphyfical natures, which the luxury of fubtil Brains has de~ 
vis'd, would quickly vanifib, and give place to (olid Hiflories, Experi¬ 
ments and Works. And as at fir ft, mankind fell by tailing of the 
forbidden Tree of Knowledge,fo we, their Pofterity, may be in part reftor’d 
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by thefame way, not only by beholding and contemplating, but by t a- 
fting toothofe fruits of Natural knowledge, that were never yet forbidden. 

From hence the World may be afftjled with variety of Inventions, new 
matter for Sciences may be collected, the old improv'd, and their rufl: 
rubb'daway; and as it k by the benefit of Senfes that we receive all our 
Skill in the works of Nature,fo they alfo may be wonderfully benefited by 
it, and may be guided to an eafter and more exad performance of their 
Offices ; ’tk not unlikely, but that we may find out wherein our Senfes are 
deficient, and as eafily find wayes of repairing them. 

The Indeavours of Skilful men have been mojl converfant about the 
affiflance of the Eye, and many noble Productions have followed upon it ; 
and from hence we may conclude, that there k a way open'd for advancing 
the operations, not only of all the other Senfes fiut even of the Eye it felfithat 
which has been already done ought not to content us,but rather to incourage 
us to proceed further, and to attempt greater things in the fame and diffe¬ 
rent wayes. 

Tis not unlikely, but that there may be yet invented feveral other 
helps for the eye,as much exceeding thofe already found,as thofe do the bare 
eyefuch as by which we may perhaps be able to difcover living Creatures in 
the Moon, or other Planets, the figures of the compounding Particles of 
matter, and the particular Schematifms and Textures of Bodies. 

And as Glafles have highly promoted our feeing, fo 'tk notimproba - 
ble,butthat there may be found many Mechanical Inventions to improve 
our other Senfes, of hearing, fmelling, tailing, touching. ’Tknot 
impoffible to hear a whifper a furlongs difiance, it having been already 
done ; and perhaps the nature of the thing would not make it more im¬ 
poffible, though that furlong fhould be ten times multiply d. And though 
fome famous Authors have affirm'd it impoffible to hear through the thin¬ 
ned plate of Mulcovy-glafs ; yet I know a way,by which tkeafie enough 
to hear one (peak. through a wall a yard thick. It has not been yet 
thoroughly examindfiow far Otocoufticons may be improv'd, nor what 
other wayes then may be of quickning our hearing, or conveying found 
through other bodies then the Air: for that that k not the only medium, 

/ can affure the Reader,that I have,by the help of a diftended mvc,propa- 

gated 
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vated the found to a very confiderable dijlajicein an inftant, or with as 
feemingly quick, a motion a s that of light, at leaf, incomparably fwifter 
then that, which at the fame time was propagated through the Air ; and 
this not only in a flraight line , or dir elf but in one bended in many 
angles. 

Nor are the other three fo perfect? but that diligence, attention, and 
many mechanical contrivances, may alfo highly improve them. For 
fmcethe fenfeof fmelling feems to be made by the fwift paflage of the 
Air ( impregnated with the fleams and effluvia of feveral odorous 
Bodies') through the grifly meanders cf the Nofe whofe furfaces art 
cover’d with a very fenflble nerve , and moiftned by a tranfuda- 
tion from the proceflus mamillares of the Brain, and fome ad- 
joyning glandules, and by the moifl (team of the Lungs, with a Liquor 
convenient for the reception of thofe effluvia and by the adhefwnand 
mixing of thofe fleams with that liquor,and thereby affebting the nerve, or 
perhaps by inflnuating themfelvcs into the juices of the brain, after the 
fame manner, as I have in the following Obfervations intimated, the parts 
of Salt topafl through the skins of Effs, and Frogs. Since, I fay, fmelling 
feems to be made by fome fuch way, 'tvs not improbable, but that fome con - 
trivance,for making a great quantity of Airpafi quick, through the Nofe, 
might as much promote the fenfe offmelling, as the any wayeshindringthat 
gaff age does dull and deflroy it. Several tryals I have made, both of 
hindring and promoting this fenfe,and have fucceeded in fome according to 
expectation ; and indeed to me it feems capable of being improv'd, for the 
judging cf the conflitutions of many Bodies. Perhaps we may thereby 
alfo judge (as other Creatures feem to do) what vs wholforne,what poyfon ; 
and in a word, what are the fpeciftck properties of Bodies. 

There may be alfo fome other mechanical wayes found out , of fenfibly 
perceiving the effluvia of Bodies ; feveral Inflames of which , were it here 
proper, I could give cf Mineral fleams and exhalations ; and it feems not 
impojflble, but that by fome fuch wayes improved, may be difeovered, what 
Minerals lye buried under the Earth, without the trouble to dig for them ; 
fome things to confirm thus Conjetture may be found in Agricola, and other 
Writers of Minerals, (peaking of the Vegetables that are apt to thrive, or 
pine, in thofe fleams. c - Whether 
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Whether atfo thofe fleams, which feem to ijfueout of the Earth, and 
mix with the Air ( andfo to precipitate forne aqueous Exbalations,where- 
with ’tit impregnated ) may not he by fome way detected before they -produce 
the ejfehi, feems hard to determine ; yet fornething of thk kind I am able to 
difcoverjby an Inftrument I contriv'd to fbewall the minute variations in 
thepreffure of the Air; by which Iconftantly findjhat before, and during 
the time of rainy weather, thepreffure of the Air k left, and in dry wea¬ 
ther , but efpecially when an Eaftern Wind ( which having paft over 
vaft trafis of Land k heavy with Earthy Particles ) blows, it k much 
more, though thefe changes are varied according to very odd Laws. 

The Inftrument is this. I prepare a pretty capaceous Eolt-head A B, with 
a fmall ftem about two foot and a half long D C-, upon the end of this D 
I put on a fmall bended Glamor brazen Syphon D E F ( open at D, E and F 3 
but to be doled with cement at F and E, asoccafion ferves) whole ftem F 
fhould be about fix or eight inches long, but the bore of it not above half an 
inch diameter,and very even 5 thefe I fix very ftrongly together by the help 
of very hard Cement , and then fit the whole Glafs A B C D E F into a long 
Board,or Frame,in fuch manner,that almoft hajf the head A B may lye buri¬ 
ed in a concave Hemifphere cut into the Board R S $ then I place it fo on 
the Board R S, *asis expreft in the firft Figure of the firft Scheme 5 and fix 
it very firm and fteady in that pofture, fo as that the weight of the Mercury 
that is afterwards to be put into it,may not in the leaft fhake or ftir it 5 then 
drawing a line X Y on the Frame R T, fo that it may divide the ball into 
two equal parts, or that it maypafs, as ’twere, through the center of the 
ball. 1 begin from that 3 and divide all the reft of the Board towards LIT 
into inches, and the inches between the 2 5 and the end E(which need not be 
above two or three and thirty inches diftant from the line X Y) *1 fubdivide 
into Decimalsthen flopping the end F with loft Cement 3 or foft Wax 3 I in¬ 
vert the Frame 3 placing the head downwards, and the Orifice E upwards ; 
and by it 3 with a fmall Funnel, I fill the whole Glafs with Quickfilver 5 then 
by flopping the fmall Orifice E with my finger 3 I oftentimes ereft and invert 
the whole Glafs and Frame 3 and thereby free the Quickfilver and Glafs from 
all the bubbles or parcels of lurking Air m , then inverting it as before,I fill it 
top full with clear and well ftrain’d Quickfilver, and having made ready a 
fmall ball of pretty hard Cement^ by heat made very foft, I prefs it into the 
hole E, and thereby flop it very fall 5 and to fecure this Cement from flying 
out afterward,I bind over it a piece of Leather, that is fpread over in the in- 
fide with Cement, and wound about it whilft the Cement is hot: Having 
thus faftned it, 1 gently ereft again the Glafs after this manner : I firft let the 
Frame down edge-wayes, till the edge R V touch the Floor, or ly horizon¬ 
tal 5 and then in that edging pofture raife the end R S, this I do , that if 
there chance to be any Air hidden in the fmall Pipe E, it may afeend into the 
Pipe F, and not into the Pipe D C : Having thus ere&ed it, and hung it by 
the hole Q, or fixt it perpendicularly by any other means, I open the end F, 

and 
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and by a finall Syph$n I draw out the MercUry lb long,till I find the furface of 
it A B in the head to touch exactly the line X Y 5 at which time I immedi¬ 
ately take away the Syphon , and if by chance it be run fomewhat below 
the line X Y, by pouring in gently a little Mercury at F, I raife it again to 
its dcfired height , by this contrivance I make all the fenlible rifingand fal¬ 
ling of the Mercury to be vifible in the furface of the Mercury in the Pipe F, 
and fcarce any in the head A B. But becaufe there really is fome fmall 
change of the upper furface alfo, I find by feveral Obiervations how much 
it rifes in the Ball, and falls in the Pipe F, to make the diftance between the 
awo furfaces an inch greater then it was before 5 and the meafure that it 
falls in the Pipe is the length of the inch by which I am to mark the parts of 
the Tube F, or the Board on which it lyes, into inches and Decimals: Ha- 1 
ving thus juftned and divided it, I have a large Wheel M N O P, whole 
outmoft limb is divided into two hundred equal parts, this by cettain fmall 
Pillars is fixt on the Frame RT, in the manner expreft in the Figure. In 
the middle of this,on the back fide, in a convenient frame, is placed a fmall 
Cylinder, whofe circumference is equal to twice the length of one of thole 
divisions, which I find anfwertoan inch of afcent, or defcent, of Mercury : 
This Cylinder I, is movable on a very fmall Needle, on the end of which is 
fixt a very light Index K L, all which are fo pois’d on the Axis, or Needle, 
that no part is heavier then another : Then about this Cylinder is Wound a 
fmall Clew of Silk, with two fmall Reel Bullets at each end of it GH, one 
of thefe, which is fomewhat the heavier, ought to be fo big, as freely to 
move to and fro in the PipeF} by means of which contrivance, every the 
lead variation of the height of the Mercury will be made exceeding vifible 
by the motion to and fro of the fmall Index K L. 

But this is but one way of difcovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many others,witnefi the Hygrofcopc, 
an Injlrument whereby the watery fleams volatile in the Air are difcerned, 
which the Nofe it felf is not able to find'. This I have defcr.ib'd in the 
following Tratt in the Defcription of the Beard of a wild Oat. Others there 
arejnay be difcovered both by the Nofe, and by other wayes alfo. Thus 
theft moak of burning Wood is (melt, feen, and fufficicntly felt by the 
eyes: The fumes of burning Brimftone are ft melt and difcovered alfo 
by the defraying the Colours of Bodies , as by the whitening of a red 
Rofe ; And who knows, but that the hduflry cf man, following this me¬ 
thod jnay find out wayes of improving this fenfe to as gnat a degree cfper* 
feflion as it is in any Animal, and perhaps yet higher. 

5 Tis not improbable alfo,but that our tafte may be very much improv'd, 
either by preparing our tafi for the Body, as, after eating bitter things , 
Wine, or other Vinous liquors, are more fenfibly tafted; or elfe by pre¬ 
paring 
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paring Bodies for cur taft ; as the diffolving of Metals with acid Liquor s i 
make them taftable, which were before altogether infipid ; thus Lead 'be¬ 
comes fweeter then Sugar, and Silver more bitter then Gall, Copper 
and Iron of moft loathfome tafts. And indeed the bufinefi of this fenfe 
being to difcover the prefence of diffolved Bodies in Liquors put on the 
Tonguejr in general to difcover that a fluid body has fome /I olid body diffolvd 
in it , and what they are ; whatever contrivance makes this difcovery 
improves this fenfe. In this kind the mixtures of Chymical Liquors af¬ 
ford many Inftances ; as the fweet Vinegar that is impregnated with 
Lead may be difcovered tobefo by the affufion of a little of an Alcalizate 
folution : The bitter liquor of Aqua fbrtis and Silver may be difcoverd 
to be charg'd with that Metal, by laying in it fome plates of Copper : 
■Tvs not improbable alfo,but there may be multitudes of other wayes of difco¬ 
ver ing the parts diffolvdor diffoluble in liquors ; and what is this difco¬ 
very but a kind of fecundary tailing. 

'Tvs not improbable alfofbut that the fenfe of feeling may be highly im¬ 
prov'd,\ for that being a fenfe that judges of the more grofs and robuft 
motions of the Particles of Bodies, feems capable of being improv'd and 
affifted very many wayes . Thus for the dijlinguijhing of Heat and Cold ,the 
Weather-glafs and Thermometer, which Ihavedefcrib'din this follow¬ 
ing Treatife, do exceedingly perfect it ; by each of which the leaf varia¬ 
tions of heat or coldwhich the moft Acute fenfe is not able to diftinguift\are 
manifefted This is oftentimes further promoted alfoby the help of Burn- 
ing-glafles ,and the like^which colled and unite the radiating heat . Thus 
the roughnefs and fmoothnefs of a Body is made much more fenfible by 
the help of a Microfcope, then by the moft tender and del icate Hand. 
Perhaps, a Phyfttian might, by fever a l other tangible proprieties^ difcover 
the conftitution of a Body as well as by the Pulfe. I do but inftamein 
thefe,to ffjew what pojftbility there may be of many others, and what proba¬ 
bility and hopes there were of finding them,if this method were followed ; 
for the Offices of the five Senfes being to deteti either the fubtil and curi¬ 
ous MQtionspropagated through all pellucid or perfectly homogeneous 
Bodies; Or the more grofs and vibrative Pulfe communicated through 
the Air and all other convenient mediums, whether fluid or folid: Or the 
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effluvia cf Bodies diffolv’d in the Air ; Or the particles of bodies dif- 
folv’d or diffoluble in Liquors, or the more quick and violent (ha- 
king motion of heat in all or any of thefe: whatfoever does any wayes pro¬ 
mote any of thefe kinds of criteria, does afford a way of improving feme 
onefenfe. And what a multitude of thefe would a diligent Man meet 
with in hit inquiries ? And this for the helping and promoting the fenfi- 
tive faculty only . 

Next,as for the Memory, or retentive (acuity, we may be fuffciently 
inftruHed from the written Hiftories of civil aft ions, what great affe - 
fiance may be afforded the Memory, in the committing to writing things ob- 
fervable in natural operations. If a Phyfitian be therefore accounted the 
more able in his Faculty, becaufe he has had long experience andpr allice, 
the remembrance of which, though perhaps very imperfeli, does regulate all 
his after allions: What ought to be thought of that man, that has not only 
a perfeU regifter of his own experiencefut is grown old with the experience 
of many hundreds of years, and many thoufands of men . 

And though of late, men, beginning to be fenfible of this convenience, 
have here and there regiflred and printedfeme few Centuries, yet for the 
moft part they are fet down very lamely and imperfelUy, and, I fear, many 
times not fo truly, they feerning, fever al cf them, to be defignd more for 
Oftentation then p ublique ufe : For,not to inflance,that they do,for the 
moft part,omit thofe Experiences they have made, wherein their Patients 
have mifcarried,it is very eafie to be perceiv d,that they do all along hyper- 
bolically extol their own Prefactions, and vilifie thofe of others . Not- 
withftanding all which, thefe kinds of Hiftories are generally efteemd ufe- 
ful, even to the ableft Phyfitian. 

What may not be expelled from the rational or deduftive Faculty 
that isfumfht with fuch Materials, and thofe fo readily adapted, and 
rang'd for ufe,that in a moment, as 'twere, thoufands of Inftances, ferving 
for the illuftration,determination, or invention, of almoft any inquiry, 
may be reprefented even to the fight ? How neer the nature cf Axioms 
muft all thofe Propofitions be which are, examind before fo many Wit- 
neffes ? And how difficult will it be for any, though never fe fubtil an er¬ 
ror in Philofephy, to feape from being difeovefd, after it has indufd the 
touch, andfo many other tryals ? d What 
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What Kind of mechanical way, andphyfical invention alfo is there re - 
quird, that might not this way be found out ? The Invention of a way to 
find the Longitude ofplaces vs eafily perform'd, and that to as great per¬ 
fection as vs defir d, or to as great an accuratenefs as the Latitude of 
places can be found at Sea ; and perhaps yet alfo to a greater certainty 
then that has been hitherto found, as I fhall very ffeedily freely manifefl to 
the world The way of flying in the Air feems principally unprafiicable, 
by reafon of the want of' ftrength in humane mufcles ; if therefore 
that could be fuppli dfvt were,I thinks eafie to make twenty contrivances to 
perform the office of Wings: What Attempts alfo I have made for the 
fupplying that Defeffl, and my fuccejfes therein, which, IthinK, are wholly 
new,and not inconfiderable, Ifhall in another place relate. 

9 Tvs not unlikely alfo, but that Chymifts, if they followed this method, 
might find out their fo much fought for Alkaheft. What an univerfal 
Menflruum , which dijfolves all forts of Sulphureous Bodies, lhave 
difcover d ( which has not been before taken notice of as Juch ) lhave 
fibewn in the fixteenth Obfervation. 

What a prodigious variety of Inventions in Anatomy has this latter 
Age a forded, even in our own Bodies fin the very Heart, by which we live, 
and theBvam,which is the feat of our knowledge of other things ? wilnefl 
allthe excellent Works of Pecquet, Bartholinus, Billius, and many 
others ; and at home, of Doctor U<[rvy,Doflor Ent ,Dottor Willis, Dobior 
Gliflon. In Celeftial Obfervations we have far exceeded all the An- 
tients,even the Chaldeans and Egyptians themfelves, whofe vaft Plains, 
high Tovrevs,and clear Air, did not give than fo great advantages over 
us, as we have over them by our Glafles. By the help of which, they have 
been very much outdone by the famous Galileo, Hevelius, Zulichem ; 
and our own Countrymen, Mr. Rook, DoClor Wren, and the great Orna¬ 
ment of our Church and Nation,the Lord Bifhop of Exeter. And to fay 
no more in Aerial Difcoveries, there has been a wonderful progref made 
by the Noble Engine, of the moll Uluftrious Mr. Boyle, whom it becomes 
rne to mention with all honour, not only as my particular Patronjbut as the 
Patron of Philofophy it felf; which he every day increafes by his La¬ 
bours, and adorns by his Example. 
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The goodfuccefi of all thefe great M tn,aridmany others, and the nori 
feemingly great obvioufnefs of moji of their and divers other Inventions, 
which from the beginning of the world have been, as \were, trod on, and 
yet not minded till thefe lafi inquifitive Ages ( an Argument that there 
may be yet behind multitudes^ the like) puts me in mind to recommend 
fuch Studies,and theprofecution of them by fuch methods, to the Gentlemen 
of our Nation,whofe leifur c makes them fit to undertake, and the plenty 
of their fortunes to accomplifh, extraordinary things in this way . And I 
do not onlypropofe this kind of Experimental Philofophy as a matter of 
high rapture and delight of the mind, but even as a material and fenfi- 
ble Pleafure. Sovafl is the variety of Objefts which will come under 
their Inflections, fo many different wayes there are of handling them, fo 
great is the fatisfaftion of finding out new things, that I dare compare 
the contentment which they will injoy,not only to that.of contemplation, 
but even to that which moft men prefer of the very Senfes them Pelves. 

And if they will pleafe to take any incouragement from fo mean 
and fo imperfeVi endeavours as mine, upon my own experience, I can. 
affure them,without arrogance. That there has wt been any inquiry or Pro - 
blem in Meehan icks, that I have hitherto propounded to my {elf, but by a 
certain method ( which I may on fome other opportunity explain ) I have 
been able prefently to examine thepoffibility of it ; and if fo, as eafily to ex+ 
cogitate divers wayes of performing it: And indeedit ispoffible to do as 
much by this method in Mechanicks, as by Algebra can be perform'd in 
Geometry. Nor can I at all doubt, but that the fame method is as ap-> 
plicable to Phyfical Enquiries , and as likely to find and reap thence as 
plentiful a crop of Inventions ; and indeed there feems to be no fubjeSl fo 
barrenfiut may with this good husbandry be highly improvd. 

Toward theprofecution of this method i /2 Phyfical Inquiries, I have 
here and there gleaned up an handful of Obfervations, in the colleUiion of 
rnofi of which I made ufe o/Microfcopes, andfome other Glaffes and In- 
ftruments that improve the fenfe ; which way 1 have herein taken not 
that there are not multitudes of ufeful andpleafant ObJervables,yet uncol- 
leUed,obvious enough without the helps of Art, but only to promote the ufe 
of Mechanical helps for the Senfes,both in the furveying the already vifible 
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World, and for the difcovery of mart) others hitherto unknown, and to make 
m,mth the great Conqueror,to be affebied that we have not yet overcome one 
World when there are fo many others to be difcovered, every confiderable 
improvement ^Telefcopes or Microfcopes producing new Worlds and 
Terra-Incognitas to our view. 

The Glajfes I ufed were of our Engliffo make,but though very good of the 
kind, yet far fhortof what might be expelled, could we once find a way of 
making Glajfes Elliptical, or of fome more true Jhape ; for though both 
Microfcopes, ^/Telefcopcs, at they now are, will magnifie an Objeft 
about a thoufand thoufand times bigger then it appears to the naked eye; 
yet the Apertures of the Ob'jeR-glajfes are fo very fmall,that very few Rays 
are admitted, and even of thofe few there are fo manyfalfe, that the ObjeSi 
appears dark and indiftinfl:: And indeed thefe inconveniences are fuch,as 
feem infepar ablefrom Spherical Glajfes, even when moft exaftly madefiut 
tht way we have hitherto made ufe of for tbatpurpofe is fo imperfe£l,that?there 
may be perhaps ten wrought before one be made tolerably good, and moft of 
thofe ten perhaps every one differing in goodnefi one from another, which is 
an Argument,that the way hitherto ufed is,at leaft,very uncertain. So that 
thefe Glajfes have a double dtfe£l;the one,that very few of them are exactly 
true wrought ; the other, that even of thofe that are beji among them, none 
will admit a fufficient number of Rayes to magnifie the Objebi beyond a 
determinate bignefi. Againfi which Inconveniences the only Remedies I 
have hitherto met with are thefe. 

Firft, for Microfcopes ( where the Objedb we view is near and within our 
power)the beft way of making it appear bright in the Glacis to call a great 
quantity of light on it by means of convex glajfes £ox: thereby,though the aper¬ 
ture be very fmalfyet there will throng in through it fuch multitudes,that an 
Objedr will by this means indure to be magnifi’d as much again as it would 
be without it. The way for doing which is this. I make choice of fome 
Room that has only one window open to the South , and at about three or 
four foot diftance from this Window,on a Table, I place my Microfcopc , and 
then lb place either a round Globe of Water, or a very deep clear piano con¬ 
vex Glals ( whofe convex fide is turn’d towards the Window) that there 
is a great quantity of Rayes colle&ed and thrown upon the Objedt: Or if 
the Sun fhine, I place a fmall piece of oyly Paper very near the Objedt, be¬ 
tween that and the lightthen with a good largeBurning-Glafs I fo colled! 
and throw' the Rayes on the Paper,that there may be a very great quantity 
of light pafs through it to the Qbjedt 5 yet I fo proportion that light, that it 

may 
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may not (Inge or burn the Paper. Inftead of which Paper there may Be 
made ufe of a fmall piece of Looking-glafs plate , one of whofe Tides is made 
rough by being rubb’d on a Hat Tool with very fine land, this will, if the 
heat be leifurely caft on it, indure a much greater degree of heat, and con- 
fequently very much augment a convenient light. By all which means the 
light of the Sun, or of a Window, may be fo caff on an Objeft, as to make it 
twice as light as it would otherwife be without it, and that without any in¬ 
convenience of glaring, which the immediate light of the Sun is very apt to 
create in mofr Objedfcs} for by this means the light isfo equally diffufed, 
that all parts are alike inlightned 5 but when the immediate Tight of the Sun 
falls on it, the reflexions from Tome few parts are lb vivid, that they drown 
the appearance of all the other, and are themfelves alfo, by reafbn of the in¬ 
equality of light, indiftindt, and appear only radiant fpots. 

But becaule the light of the Sun, and alfo that of a Window, is in a conti¬ 
nual variation, and fo many Objects cannot be view’d long enough by them 
to be throughly examin'd} befidesthat, oftentimes the Weather is fo dark 
and cloudy, that for many dayes together nothing can be view’d: And be- 
caufe alfo there are many Objedfs to be met with in the night, which cannot 
fo conveniently be kept perhaps till the day, therefore to procure and caft a 
fufficient quantity of light on an Objedt in the night, I thought of, and often 
ufed this, Expedient. 

I procur’d me a fmall Pedeftal, inch as is deferib’d in the fifth Figure of 
the firft Scheme on the fmall Pillar A B, of which were two movable 
Armes CD, which by means of the Screws E F, I could fix in any part of 
the Pillar } on the undermoft of thele I plac d a pretty large Globe of Glafs 
G, fill’d with exceeding clear Brine, ftopt, inverted, and fixt in the manner 
vifible in the Figure 5 out of the fide of which Arm proceeded another 
Arm H, with many joynts , to the end of which was taftned a deep plain 
Cotrvex glafs I, which by means of this Arm could be moved to and fro, and 
fixt in any pofture. On the upper Arm was placed a fmall Lamp K, which 
could be fo mov’d upon the end of the Arm , as to be fet in a fit pofture to 
give light through the Ball: By means of this Inftrument duly plac’d , as is 
expreftin the Figure, with the fmall flame of a Lamp may be caft as great 
and convenient a light on the Objedt as it will well indure^and being always 
conftant, and to be had at any time. I found moft proper for drawing the 
reprefentations of thofe fmall Objedts I had occafion to obferve. 

None of all which ways (though much beyond any other hitherto made 
ufe of by any I know ) do afford a fufficient help, but after a certain 
degree of magnify ing, they leave us again in the lurch. Hence it were very 
defirable, that fome way were thought of for making the Objedf-glafs of 
fuch a Figure as would conveniently bear a large Aperture. 

As for Telefcopes, the only improvement they feem capable of is the 
increasing of their length ; for the Objeft being remote , there h no thought 
of giving it a greater light then it bat ; and therefore to augment the 
Aperture , the Glafi mu ft be ground of a very large ff here ; for ^ by that 
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means,the longer ike Glafi be, ike bigger aperture nill it bear,if the Glaffes 
be of an equal goodnefi in their kind. Therefore a fix will indure a 
much larger Aperture then a three foot Glafi ; and a fixty foot Glafi will 
proportion ably bear a greater Aperture then a thirty ,and mill as much ex¬ 
cel it alfo 06 a fix foot does a three foot, as I have experimentally obfervd 
in one of that length made by Mr. Richard Re : ves here at London, 
which mill bear an Aperture above three inches over, and yet make 
the Objett propcrticnubly big and difiintt ; whereas there are very 
few thirty foot Glaffes that mill indurean Aperture of more then two in¬ 
ches over. So that for T elefcopes, fuppofmg me had a very ready way 
of making their Objeti Glaffes of exalily fpherical Surfaces, me might, by 
hereof ng the length of the Glafi, magnifie the Objeft to any afignable big - 
nefi. And for performing both thefe, I cannot imagine any may more ea- 
fe,and more ey.ati, then by this following Engine,by means of which, any 
Glaffes,of what length foeverynay be feedily made.It feems the mofl eafe, 
becaufe with one and the fame Tool may be with care ground an Objefi 
Glafi, of any length or breadth requifite, and that with very little or no 
trouble in fitting the Engine , and without much skill in the Grinder. 
It feems to be the mofl exalt, for to the very lafl flrokethe Glafi does 
regulate and rettifie the Tool to its exali Figure ; and the longer or more 
the Tool and Glafi are wrought together, the more exali mill both of them 
be of the defird Figure. Further, the motions of the Glafi andTool do 
fo crofi each other, that there is not one point cf eithers Surfacefbut has 
thou fan fs of crofi motions thwarting it, fo that there can be no kind of 
Rings or Gutters made either in the Tool or Glafi. 

The contrivance of the Engine is, only to make the ends of two large 
Mandrils fo to move , that the Centers of them may be at any convenient 
diftance afonder, and that the Axis of the Mandrils lying both in the fame 
plain produc’d, may meet each other in any afiignable Angle •, both which 
requifites may be-very well perform’d by the Engine deferib'd in the third 
Figure of the fir ft Scheme : where A B fignifies the Beam of a Lath fixt per¬ 
pendicularly or Horizontally, C D the two Poppet heads, fixt at about two 
foot diftance, E F an Iron Mandril. whole tapering neck F runs in an adapt¬ 
ed tapering brafs Collar 5 the other end E runs on the point of a Screw G: 
in a convenient place of this is faftried H a pully Wheel, and into the end of 
it,that comes through the Poppet head C, is lerewed a Ring of a hollow 
Cylinder K, or fome other conveniently fhap’d Tool, of what widenefs fhall 
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be thought moft proper for thecizcof Glafies , about which it is tobeim- 
ploy’d : As, for Objeft glafies, between twelve foot and an hundred foot 
long 3 the Ring may be about fix inches over , or indeed fomewhat 
more for thofe longer Glafies. It would be convenient alfo, and not 
very chargeable, to have four or five feveral Tools 5 as one for all Glafies 
between an inch and a foot , one for all Glafies between a foot and ten foot 
long, another for all between ten and an hundred,a fourth for all between a- 
hundred and a thoufand foot long 5 and if Curiofity (hall ever proceed lb 
far,one for all lengths between a thoufand and ten thoufand foot long 5 for 
indeed the principle isfuch,that fuppofing the Mandrils well made,andof a 
good length, and fuppofing great care be ufed in working and polifhing 
them,I fee no reafon,but that a Glafs of a thoufand,nay of ten thoufand foot 
long, may be as well made as one of ten 5 for the reafon is the fame,fuppofing 
the Mandrils and Tools be made fufficiently ftrong, fo that they cannot 
bend 5 and fuppofing the Glafs, out of which they are wrought, be capable 
of fo great a regularity in its parts as to refra&ion : this hollow Cylinder K 
is to contain the Sand, and by being drove round very quick to and fro by 
means of a fmall Wheel,which may be mov'd with ones foot, ferves to grind 
the Glafs: The other Mandril is fhap’d like this, but it has an even neck in- 
ftcad of a taper one,and runs in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be fiill aajuftned to the wearing or 
wafting neck: into the end of this Mandril is fcrewed a Chock N, on which 
with Cement or Glew is faftned the piece of Glafs Q_ that is to be form’d 5 
the middle of which Glafs is to be plac’d juft on the edge of the Ring, and 
the Lath O P is to be fet and fixt ( by means of certain pieces and fcrews, 
the manner whereof will be fufficiently evidenc’d by the Figure) in fuch 
an Angle as is requilite to the forming of fuch a Sphere as the Glafs isde- 
figndtobeof, the geometrical ground of which being fufficiently plain, 
though not heeded before, I fhall, for brevities fake, pafs over. Thislaft 
Mandril is to be made ( by means of the former, or feme other Wheel) to 
run round very fwift alfb, by which twocrofs motions the Glafs cannot 
chu r e (if care be us’d ) but be Wrought into a moft exa&ly fpherical 
Surface. 

t 

But becaufe we are certain , from the Laws of refra&ion ( which / 
I have experimentally found to be fojby an Infirurnent I ffoall prefently de- 
feribe ) that the lines of the angles of Incidence are proportio¬ 
nate to the lines of the angles of RefraSion, therefore if Giaffes could 
be made of thofe kind of Figures , or fome other , fuch as the rnojl incompa¬ 
rable Des Cartes has invented\ and demonfirated in his Philofopbical and 
Mathematical Worksyve might hope for a much greater perfection of Opticks 
then can be rationally expelled from fpherical ones;for thoughjcxtcrispz- 
ribus, we find\ that the larger the Telefcope ObjeSi Giaffes are , arid the 
floor ter thofe of the Microfcope, the better they magnifies yet both of them , 
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beficfi fuch determinate dimenfions , are by certain inconveniences rendred 
unufeful ; for it will be exceeding difficult to make and manage a Tube 
above an hundred foot long, and it will be at difficult to inlighten an 
Objeft leji then an hundred part of an inch difiant from the Objrii Glafi. 

I have not at yet made any attempts ofthat kind, though I know two or 
three wayes, which, as far at I have yet considered, feem very probable,and 
may invite me to make a tryal at foon at I have an opportunity, of which / 
may hereafter perhaps acquaint the world. In the Interim, I Jhall deferibe 
the Inftrument Ieven now mention'd, by which the refra&ion of all kinds 
of Liquors may be mojl exafily meafuf d, thereby to give the curiout an 
opportunity of making what further tryals of that kind they fhall think, 
requifite to any of their intended tryals; and to let them fee that the laws 
of Refraftion are not only notional. 

The Inftrument confifted of five Rulers, or long pieces placed together, 
after the manner expreft in the fecond Figure of the firft Scheme , where 
A B denotes a ftraight piece of wood about fix foot and two inches long, 
about three inches over, and an inch and half thick , on the back fide of 
which was hung a fmall plummet by a line ftrctcht from top to bottom, by 
which this piece was let exactly upright,and ft> very firmly fixt 5 in the mid¬ 
dle of this was made a hole or center, into which one end of a hollow cy¬ 
lindrical brafsBox CC, fafhion'd as I (hall by and by deferibe, was plac'd, 
and could very eafily and truly be mov’d to and fro 5 the other end of this 
Box being put into, and moving in, a hole made in a fmall arm D D 5 into 
this box was faftned the long Ruler E F, about three foot and three or four 
inches long, and at three foot from the above mention'd Centers P P was 
a hole E, cut through, and croft'd with two fmall threads, and at the end of 
it was fixt a fmall fight G, and on the back fide of it was fixt a fmall Arm H, 
with a Screw to fix it in any place on the Ruler L M 5 this Ruler L M was 
mov'd on the Center B ( which was exaftly three foot diftance from the 
middle Center P ) and a line drawn through the middle of it LM, was 
divided by a Line of cords into lorne fixty degrees,and each degree was fub- 
divided into minutes, fo that putting the croft of the threads in E upon any 
part of this divided line, I prefently knew what Angle the two Rules A B 
and E F made with each other, and by turning the Screw in H, I could fix 
them in any pofition. The other Ruler aho R S was made much after the 
lame manner, only it was not fixt to the hollow cylindrical Box, but,by means 
of two fmall braft Armes or Ears, it mov’d on the Centers of it 5 this alfo, 
by means of the croft threads in the hole S, and by a Screw in K, could be 
faftned on any divifion of another line of cords of the fame radius draw r n on 
N O. And lo by that means, the Angle made by the two Rulers, A B and 
R S, was alfo known. The Brafs box CC in the middle was fhap’d very 
much like the Figure X, that is, it was a cylindrical Box ftopp’d clofe at ei¬ 
ther end,off of which a part both of the fides and bottomes was cut out, (b 

that 
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that the Box, when the Pipe and that was joyne d to it, would cqntain the 
Water when fill’d half full, and would likewise;, without running over, in¬ 
jure to be inclin’d to an Angle , equal to that of the greateft refraction of 
Water, and no more,without running over. The Ruler E F wasfixt vefy fall 
to the Pipe V, fo that the PipeV deeded the length of the RulerE F, and 
the Box and Ruler Were mov’d on the Pin TT, lb as to make any defi- 
rable Angle with the Ruler A B. The bottom of this Pipe V was, ftop’d 
with a fmall piece of exactly plain Glafs, which w r as plac’d exaCtiy per¬ 
pendicular to the Line of direction, or Axis of the Ruler E F. , The Pins 
aho TT were drill’d with fmall holes through the Axis ^and through thole 
holes wasftretcht and faftned a fmall Wire. There was likewife a final! 
Pipe of Tin looby put on upon the end of V, and reaching down to ; the 
fight G 5 the ufeof which was only to keep any falie Rayes of light from 
palling through the bottom of V, and only admitting fuch to pals as pier^. 
ced through the fight G: All things being placed together in the manner 
delcrib’d in the Figure $ that is, the Ruler A B being fixt perpendicular, I 
fill'd the Box C C with Water, or any other Liquor, whofe refraCtion I in¬ 
tended to try, till the Wire palling through the middle of it were juft co¬ 
vered : then I moved and fixt the Ruler F E at any aftignablc Angle, and 
placed the flame of a Candle juft againft the fight G'i and looking through 
the fight I, I moved the Ruler R S to and fro, till I perceived the light pal¬ 
ling through G to be covered, as ’twere, or divided by the dark Wire paft 
fing through PP: then turning the Screw inK, I fixt it in that pofture: 
And through the hole S, I obferved what degree and part of it was cut by 
the crofs threads in S. And this gave me the Angle of Inclination, APS 
anfwering to the Angle of RefraCtion BPE : for the furfaceof the Liquor 
in the Box will be alwayes horizontal, and confequently AB will be a 
perpendicular to it3 the Angle therefore APS will meafure, or be the 
Angle of Inclination in the Liquor 5 next E P B muftbe the Angle of Re- 
fraCtion,for the Ray that palfes through the fight G, pafles aho perpendicu^ 
larly through the Glals Diapkragme at F, and confequently alfo perpendi¬ 
cularly through the lower furface of the Liquor contiguous to the Glals, and 
therefore fuflers no refraction till it meet with the horizontal furfaceof the 
Liquor in C C, which is determined by the tw r o Angles. 

By means of this Jnfirument 1 can withl\tt\c trouble, and a very 
fmall quantity of any Liquor, examine , rnoft accurately, the refraftion 
of it , not only for one inclination , but for all ; and thereby am inabled 
to make very accurate Tables ; fever al of which I have alfo experimentally 
made,and find, that Oylof Turpentine hat a much greater Refraction 
then Spirit of Wine, though it be lighter ; and that Spirit of Wine 
has a greater Refraction then Water, though it be lighter alfo ; but that 
fait Water alfo has a greater Refrattion then frefh, though it be heavier : 
but Allum water has a left refraftion then common Water, though hea~ 
vier alfo.So that it feems,as to the refraftion made in a Liquor,the ipeci- 
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fick gravity k(fno efficacy.By this I have alfo foundjhat look, what pro¬ 
portion the Sine of the Angle of one Inclination has to the Sine of the 
Angle of RcfrzEt'ion, correftondent toit, the fame proportion have all 
the Sines of other Inclinations to the Sines of their appropriate Refraftions. 

My way for meafuringhow much a Glafs magnifies an Objeft, plac'd at a 
convenient diftance from my eye,is this. Having reftifi’d the Afterofiope , to 
jfee the defir’d Objeft through it very diftinftly, at the fame time that I look 
upon the Objeft through the Glafs with one eye, I look upon other Objefts 
at the fame diftance with my other bare eye 5 by which means I am able, 
by the help of a Ruler divided into inches and fmall parts, and laid on the 
Pedeftal of the Microfcope, to caft,as it were, the magnifi’d appearance of the 
Objeft upon the Ruler,and thereby exaftly to meafure the Diameter it ap¬ 
pears of through the Glafs, which being compar’d with the Diameter it ap¬ 
pears of to the naked eye, will eafily afford the quantity of its magnify¬ 
ing. 

The Mictofcope , which for the moft part I made ufe of, was fhap’d much 
like that in the fixth Figure of the firft Scheme , the Tube being for the moft: 
part not above fix or feven inches long,though, by reafon it had four Draw¬ 
ers, it could very much be lengthened, as occafion required 5 this was con¬ 
triv’d with three Glaflesja fmall Objeft Glafs at A, a thinner Eye Glafs about 
B, and a very deep one about C: this 1 made ufe of only when I had oc¬ 
cafion to fee much of an Objeft: at once 3 the middle Glafs conveying a 
very great company of radiating Pencils, which would go another way, and 
throwing them upon the deep Eye Glafs. But when ever I had occafion to 
examine the fmall parts of a Body more accurately, I took out the middle 
GIafs,and only made ufe of one Eye Glafs with the Objedt Glafs, for always 
the fewer the RefradHons are, the more bright and clear the Objedc appears. 
And therefore ’tis not to be doubted , but could we make a Alicrofcopc to 
have one only refraftion, it would, ceteris paribus , far excel any other that 
had a greater number. And hence it is, that if you take a very clear piece 
of a broken Venice Glafs, and in a Lamp draw it out into very fmall hairs or 
threads, then holding the ends of thefe threads in the flame, till they melt 
and run into a fmall round Globnl, or drop, which will hang at the end of 
the thread 3 and if further you ftick feveral of thefe upon the end of a ftick 
with a little fealing Wax, fo as that the threads ftand upwards, and then on 
a Whetftone firft grind off a good part of them, and afterward on a fmooth 
Metal plate, with a little Tripoly, rub them till they come to be very 
finooth, if one of thefe be fixt with a little fbft Wax againft a fmall needle 
hole,pfick’d through a thin Plate of Brafs, Lead, Pewter, or any other Me¬ 
tal, and art Objeft, plac’d very near, be look’d at through it, it will both 
fliagnifie and make fome Objefts more diftinft then any of the great Micro- 
Jcopes. But becaufe thefe, though exceeding eafily made, are yet very trou- 
blefometo be us’d,becaufe of their fmalnefs,and the nearnefsof the Objeft 3 
therefore to prevent both thefe, and yet ha ve only two Refraftions, I pro¬ 
vided me a Tube of Brafs, fhap’d much like that in the fourth Figure of the 
firft Scheme^ into the finaller end of this I fixt with Waxagood/»4?^ con¬ 
vex 



The Preface. 

vex Objed Glals,with the convex fide towards the Objed, and into the 
bigger end I fixt alfo with wax a pretty large piano Convex Glals, with 
the convex fide towards my eye, then by means of the fmall hole 
by the fide, I fill’d the intermediate fpace between thefe two Glaftefe 
with very clear Water, and with a Screw flopp'd it in > then putting 
on a Cell for the Eye, 1 could perceive an Objed more bright then I could 
when the intermediate fpace was only fill’d with Air,but this, for other in* 
conveniences, I made but little ufe of. V , ^ 

My way for fixing both the Glals and Object to the Pedeftal moft conve¬ 
niently was thus: Upon one fide of a round Pedeflal A B, in the fixth Fi¬ 
gure of the firft Scheme ,\vas fixt a fmall Pillar C C, on this was fitted a imall 
Iron Arm D, which could be mov’d up and down, and fixt in any part of the 
Pillar,by means of a fmall Screw E 5 on the end of this Arm was a finallBalf 
fitted into a kind of focket F,made in the fide of the BralsRing G, through 
which the fmall end of the Tube was ferew’d$ by means of which contri-* 
vance I could place and fix the Tube in what pofturel defil’d (which for 
many Obfervations was exceeding neceflary ) and adjuften it moft exadly 
to any Objed. * vA \\v;t 

For placing the Objed,! made this contrivance 5 upon the end of a fmall 
ferals Link or Staple H H, I lofaftned a round Plate 11 , that it might bd 
turn’d round upon its Center K, and going pretty ftiff, would ftand 
fixt in any pofture it was fet $ on the fide of this was fixt a imall Pillar P, 
about three quarters of an inch high, and through the top of this was thruft 
a fmall Iron pin M, whofe top juft flood over the Center of the Plate 5 on 
this top I fixt a (mall Objed, and by means oi theic contrivances I was able 
to turn it into all kind of politicos, both to my Eye and the Light 5 for by 
moving round the fmall Plate on its center, 1 could move it one way, and by 
turning the Pin M, I could move it another way, and this without ftirring 
the Glals at all, or at leaft but very little; the Plate likewife I could move 
to and fro to any part of the Pedeftal ( which in many cafes was very con¬ 
venient) and fix it alfo in any Pofition, by means of a Nut N, which was 
ferew’d on upon the lower part of the Pillar CC. All the other Con¬ 
trivances are obvious enough from the draught,and will need no delcription 

Now though this were the Injlrument I made moji ufe of, yet 1 have 
made fever al other Try ah with other kinds of Microfcopes, which both 
for matter and form were very different from common ffherical Glaffes. 

I have made a Microfcope with one piece of Glajf both whofe furfaces 
were plains. I have made another only with a piano concave, without 
any kind of reflections divers alfo by means cf refledion. I have made 
others (/Waters, Gums, Refins, Salts, Arfenick, Oyls* and with 
dimers other mixtures of watery and oyly Liquors* Andindeedthe 
fubjell it capable of a great variety; but I find generally none more ufe - 
ful then that which h made with two Glaffes, fuch as l have already de- 
ferib'd What 
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What the things are I obfervd,\ the following defcriptions. will manifefl ; 
in, brief they were either exceeding (mail Bodies, or exceeding fmall 
Pores, or exceeding fmall Motions, feme of each of which the Reader 
will find iri the following Notes,andfuch, as I prefume, ( many of them 
at leaf') will be new, and perhaps not lefe ft range: Some lpecimen of 
each of which Heads the Reader will find in the fubfequent delineations, 
and indeed of feme more then I was willing there fbould be; which was 
occafioned by my firji Intentions to print a much greater number then I 
have fence found time to compleat. Of fuch therefore as I had, I felefi- 
ed only feme few of every Head, which for feme particulars feemd mofi ob- 
fervable, refilling the reft as fuperfluous to theprefent Defegn . 

What each of the delineated Subjefis are,the following defcriptions an- 
next to each will inform,of which Ifejall here, only once for all, add. That 
in divers of them ihe Gravers have pretty well follow dmy directions and 
draughts ; and that in making of them, I indeavoured ( as far as Iwas 
able ) fir ft to difcover the true appearance , and next to make a plain re- 
prefentation of it. This I mention the rather, becaufe of thefe kind of 
Ob fills there is much more difficulty to difcover the true fl.mpe, then of 
thofe vifible to the naked eye, the fame ObjeC feeming quite differing, in 
one pofition to the Light, from what it really is, and may be difcover d 
in another. And therefore 1 never began to make any draught before by 
many examinations in feveral lights, and in feveral pofitions to thofe 
lights, I had difcover 1 d the true form. For it is exceeding difficult in 
feme Objdxs, to difeinguifh between a prominency and a depreflion, 
between a fhadow and a black ftain, or a reflection and a whitenefs 
in the colour. Befides, the transparency of mofe Objects renders them 
yet much more difficult then if they were opacous. The Eyes of a Fly in 
one kind of light appear almoft like a Lattice, drilld through with abun¬ 
dance of fmall holes ; which probably may be the Reafon^ why the Ingeni- 
ous Dr. Power feemsto fuppofethem fuch. In theSunfhine they look 
like a Surface cover'd with golden Nails ; in anotherpofture,like a Sur¬ 
face cover'd with Pyramids 9 , in another with Cones ; and in other po- 
feuresof quite other ft) apes ; but that which exhibits the befl, is the Light 
colletted on the ObfiVx, by thofe means lhave already defcrib'd. \. \ . 

,\ And 
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And this w as undertaken in profecution of the Defign which the ROY¬ 
AL SOCIETY has propos'd to it [elf For the Members ofthe Affembly ha¬ 
ving before their eys fo many fatal Infiances of the errors and falJJjoodsfn which 
the greatejl part of mankind has fo long wandred., becaufe they relyd upon the 
flrength of' humane Reafon alone, have begun anew to coned all Hy- 
pothefes by fenfe, as Seamen do their dead Reckonings by Codeftial 
Obfervations;#/?*/ to this purpofe it has been their principal indeavour to en¬ 
large (sr ftrengthen the Senfes by Medicine,07^/ by fuch outward Inftru- 
ments as are proper for their particular works . By this means they findfome 
reafon to fuff ed,that thofe effects of Bodiesyvhich have been commonly attri¬ 
buted to Qualities, and thofe confefld to be occult, are perform: dby the 
/^//Machines of Nature, which are not to be difcernd without thefe helps , 
feeming the mcerproduds of Motion, Figure, and Magnitude; and that the 
Natural Textures, which fome call the Plaftick faculty, may be made in 
Looms, which a greater perfection of Opticks may make difcernable by thefe 
Glaffesfo as now they are no more pulled about them,then the vulgar are to 
conceive,howT apeftr y or fiowred Stuffs are woven And the ends of all thefe 
Inquiries they intend to be the Pleafure of Contemplative minds., but above 
alfthe eafe and difpatch of the labours of mens hands.They do indeed neg- 
led no opportunity to bring all the rare things of Remote Countries within the 
compafi of their knowledge andpradice.But they fill acknowledg their moft 
ufeful Informations to arife from common things, and from diverfifying 
their mofi ordinary operations upon them. They do not wholly refed Experi¬ 
ments cf meer light and theory; but they principally aim at fuch, wkoft 
Applications will improve and facilitate the prefent way o/Manual Arts. 
And though fome men, who are perhaps taken up about left honourable Em¬ 
ployments, are pleas'd to cenfure their proceedings, yet they can fbewmore 
fruits of their firfi threeyears, wherein they haveaffembled, then any other 
Society in Europe can for a much larger jface of time.'Tis true, fuch un¬ 
dertakings as theirs do commonly meet with fmallincouragement, becaufe 
men are generally rather taken with the plaufible and difeurfive, then the 
real and the folid part of Philofophy ; yet by the good fortune of their injlitu- 
tionfn an Age of all others the moft inquifitive,tfej/ have been affifted by the 
contribution and pre fence of very many of the chief Nobility and Gentry,- 

g and 
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and others,who are fome ofthe moft confiderable in their feveral Profeffions. 
But that that yet farther convinces me of the Real efteem that the more fe- 
riou spart of men have of this Society ,is,that fever al Merchants.///?/; who 
aft in ear?iefl(whofe Objeft is meum is tuum ,that great Rudder of humane 
affairsfioave adventur'd confider able fums of Money, to put in practice what 
fome of our Members have contrived.and have continued ftedfaft in their 
good opinions of fuch Indeavours, when not one of a hundred of the vulgar 
have believed their undertakings feafable. And it is alfofit to be addedjhat 
they have one advantage peculiar to tbemfelves,that very many of their num¬ 
ber are men of Converfe and Traffick; which is a good Omen , that their 
attempts willbring Philofophy from words to z&ion feeing the men ofBufi- 
nefi have had fo great a ft) are in their fir ft foundation. 

And of this kind I ought not to conceal one p articularGcmr of\ty,which more 
nearly concerns my felflt is the munificence of Sir JohnCutler//2 endowing 
a Lefture for the promotion of Mechanick Arts/r be governed and directed 
byThisSocicty JhisBounty I mention for the Honourablenefs ofthe thing it 
felfandfor the expectation which I have of the efficacy ofthe Example ;for 
it cannot now be objeftedto them,that their Defigns will be ejieemed frivolous 
andw ain, when they have fuch a real Teftimony cf the Approbation of 
a Man that is fuch an eminent Ornament of this renowned City, and one, 
who,by the Variety, and the happy Succefs, of his negotiations., has given 
evident proofs, tha t he is not eafie to be deceiv'd. This Gentleman has well 
obfervd, that the Arts of life have been too long imprifon’d in the dark, 
fibops of Mechanicks themfelvesjlsr there hindred from growth ptberby ig- 
norance,or felfinterefhand he has bravely freed them from thefe inconveni- 
ences :Hehath not only obliged Tradefmen,Sztf Trade it felfHehas done a 
work, that is worthy of London, and has taught the chief City of Commerce 
in the world the right way how Commerce isto be improv'd. We have already 
feen many other great fignsof Liberality and a large mind\ from the fame 
hand:For by his diligence about ^Corporation for the Foor^i his hono¬ 
rable Subfcriptions for the rebuilding ofSt .Paul’s;/^ his chearful Disburf- 
ment for the replanting oflrt\znd,and by many other fuch publick works* 
he has fibewn by what means he indeavours to eftablifh his Memory ; and 
now by this laflgift he has done tbat,whicb became one. of the wifeft Citizens 
V; ■ ;. of 
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tf our Nation to accompli/).f feeing one of the wifefr of our Statefmen,the 
Lord Verulam, fir ft propounded it . 

, ,v But to return to my Sufye&ffrom a digreffion, which , Ihopeyny Bender 
mil pardon me , feeing the Example is fo rare that I can make no more fuch 
'digrejftons. If tbefe my fir ft Labour $ /hall be ary wayes ufeful to inqui¬ 
ring men , 1 mufi attribute the incouragejnent and promotion of them to a ve¬ 
ry Reverend Learned Perfon,o/ whom this ought in jufiice to be faid\ 
That there is fcarceany one Invention, which this Nation has pro- 
due d in our Age, but it has force way or other been fet forward by 
his affiftance. My Reader Jbdieve^wfllquickly ghefi,that it is Dr. Wil T 
kins that I mean.He it indeed a man born for the good of mankind, and for 
the honour of hit Couutry, In the (weetnefs of whofe behaviour,//? the 
calmnefs of hit mind, in the unbounded goodnefs of hit heart, we home 
an evident Infiance , what the true and the primitive unpaffionatc Religi¬ 
on was, before it was fowred by particular FaSions. In a word\ hit Zeal 
has been fo conftant and effectual in advancing all good and profitable 
Arts ,that atone of the Antient Romans faidof Scipio, That he thanked 
God that he was a Roman ; becaufe whereever Scipio had been born, 
there had been the feat of the Empire of the world; So may Jthank. 
God\ that Dr. Wilkins wasrn Englifhman, for whereever he hafiliv.d, 
there hadbeen the chief Seat of generous Knowledge^/ true Fhilofo- 
phy. To the truth of thisjhere are fo many worthy men living that will jub- 
feribe , that I am confident , what I have here faid\ will not be look'd upon, 
by any ingenious Reader , as a Panegyrick, but only as a real tefti- 
mony. \. u 

By the Advice of'this Excellent man I firft fet upon this Enterprife.yet 
fiill came to it with much RcluSctmcy fiecaufe I was to follow the footfteps of 
fo eminent a Perfon as Dr, Wren , who was the firfi that attempted any 
thing of this nature; whofe original draughts do now make one of the Orna¬ 
ments of that great Collection of Rarities in the Kings Clofet. This Ho¬ 
nor, which his firfi beginnings of this kind have receiv'd, to be admitted in¬ 
to the mofi famous place of the worldfiid not fo much incourage, as the ha¬ 
zard of coming after Dr. Wren did affright me ; for of him I mufi affirm , 
that , fince the time of Archimedes, there fcarce ever met in one man , in fo 
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great a perfection, fuch a Mechanical Hand, and fo Philoiophical a 
Mind. 

% r - V ' 

But at laft,being ajfuredboth by Dr. Wilkins, and Dr. Wren himfelf, 
that he had given over his intentions ofprofecuting it, and not finding that 
there was any elfe defigrid the purfuing of it,Ifet upon this undertaking, and 
was not a little incouragd to proceed in it,by the Honour the Royal Society 
was pleas'd to favour me with fin approving of thofe draughts (which from 
time to time as lhad an opportunity of deferibing) Iprefentedto them . And 
particularly by the Incitements of divers of thofe Noble and excellent Per¬ 
sons of it, which were my more effecial Friends,who were not left urgent with 
me for thepubliffnng, then for the profecution of them . 

After lhad almoft compleated thefe Figures and Obfervations ( ha¬ 
ving had divers of them ingravtn , and was ready to fend them to the 
Preft ) I was informd, that the Ingenious Phyfitian Dr. Henry Power 
had made fever al Microfcopical Obfervations,which had I not afterwards, 
upon our interchangably viewing each others Papers, found that they were 
for the moftpart differing from mine, either in the Subject it felf, or in the 
particulars taken notice of ; and that his defign was only to print Obfer¬ 
vations without Pictures,I had even then fupprefled what lhad fo far pro¬ 
ceeded in . But being further excited by fever al of my Friends, in comply- 
ance with their opinions, that it would not be unacceptable to fever al inqui- 
fitive Men, and hoping alfo, that I Jfjould thereby difeover fometbing 
New to the World, I have at length cafl in my Mite, into the vaft Treafu - 
ry of A Philofophical Hiftory. And it is my hope, as well as belief, that 
thefe my Labours will be no more comparable to the Productions of many 
ether Natural Philofophers, who are now every where bufie about greater 
things ; then my little Objects are to be compar'd to the greater and more 
beautiful Works of Nature, A Flea, a Mite, a Gnat, to anHorfe,an Ele¬ 
phant, or a Lyon. 
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MICROGRAPHIA, 

* OR SOME 

Phyfiological Defcriptions 

MINUTE BODIES. 

MADE BY 

MAGNIFYING GLASSES; 

WITH 

Observations and Inquiries thereupon. 


Obferv. I. Of the Point ofafharp fmall Needle* 



S in Geometry , the moft natural way of beginning is Schema 
from a Mathematical point ; fo is the fame method in Fig.i» 
Obfervations and Naturalhijiory the moft genuine,fim- 
ple, and inftru&ive. We muft firft endevour to make 
letters , and draw ftngle ftrokes true , before we ven¬ 
ture to write whole Sentences , or to draw large Pi- 
Uures. And in Vhyfical Enquiries, we muft endevour 
to follow Nature in the more plain and eafie ways ftie 
treads in the moft fimple and uncompounded bodies , to trace her fteps, and 
be acquainted with her manner of walking there, before we venture our 
felves into the multitude of meanders (he has in bodies of a more complied - 
to/nature; left, being unable todiftinguilh and judge of our way, we 
quickly lofe both Nature our Guide,and our felves too.and are left to wan¬ 
der in the labyrinth of groundleft opinions 5 wanting both judgment , that 
light ^ and experience , that clew , which fhould direft our proceedings. 

We will begin thefeour Inquiries therefore with the Obfervations of 
Bodies of the moft fimple nature firft,and fo gradually proceed to thole of a 
more compounded one.ln profecution of which method,we (hall begin with 
a Vhyfical pointy of which kind the Point of a Needle is commonly reckon’d 
for one 5 and is indeed^ for the moft part, made fo (harp, that the naked 
eye cannot diftinguilh any parts of it: It very ealily pierces, and makes its 
way through all kind of bodies fofter then it felf:But if view’d with a very 
good Microfcope , we may find that the top of a Needle (though as to the 
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fenfe very Jharp) appears a broadjlunt^ and very irregular end $ notrefem- 
bling a Cone, as is imagin’d, but onely a piece of a tapering body, with a 
great part of the top remov’d, or deficient. The Points of Pins are yet 
more blunt, and the Points of the moft curious Mathematital Inftruments 
do very feldome arrive at fo great a fharpnefs 5 how much therefore can 
be built upon demonffraticns made onely by the productions of the Ru¬ 
ler and Gompafles, he will be better able to confider that fhall but view 
thofe points and lines with a Microjcope . • 

Now though this point be commonly accounted the fharpeft (whence 
when we would exprefs the fharpnefs of a point the moft Juperlath>ely 3 we 
lay. As fharp as a Needle) yet the Microjcope can afford us hundreds of In- 
ftances of Points many thoufand times fharper: fuch as thofe of the hairs , 
and brijlles, and claws of multitudes of Infe&s 3 the thorns, or crooks, or 
hairs of leaves , and other {mail vegetables 3 nay, the ends of the Jtiri<e or 
fmall parallelipipeds of Amianthus , and alumen plumojum 3 of many of 
which, though the Points are fo fharp as not to be vihble, though view’d 
with a Microjcope (which magnifies the ObjeCt, in bulk, above a million of 
times) yet I doubt not, but were we able pra&ically to make Microfcopes 
according to the theory of them, we might find hills, and dales,and pores, 
and a iiiflicient bredth, or expanfion, to give all thofe parts elbow-room, 
even in the blunt top of the very Point of any of thefe fo very fharp bodies* 
For certainly the quantity or extenfion of any body may be Divisible jn in¬ 
finitum , though perhaps not the matter. 

But to proceed : The Image we have here exhibited in the 
firft Figure, was the top of a fmall and very fharp Needle, whole 
point a a neverthelefs appear’d through the Microjcope above a 
quarter of an inch broad, not round nor flat, but irregular and un¬ 
even 3 fb that it Teem’d to have been big enough to have afforded a 
hundred armed Mites room enough to be rang’d by each other without 
endangering the breaking one anothers necks, by being thruft off on ei¬ 
ther fide* The furface of which, though appearing to the naked eye very 
lmooth,could not neverthelefs hide a multitude of holes and fcratches and. 
ruggednefles from being difeover’d by the Microjcope to invert it, feveral 
of which inequalities (as A,B,C, feem’d holes made by fome fmall fpecks of 
Rujl 3 and D fome adventitious body 3 that ftuck very clofe to it) were ca- 
Jual. All the reft that roughen the furface, were onely fo many marks of 
the rudenefs and bungling of Art. So unaccurate is it, in all its producti¬ 
ons, even in thofe which feem moft neat, that if examin’d with an organ 
more acute then that by which they were made, the more we fee of their 
Jhape 3 the lefs appearance will there be of their beauty: whereas in the 
works of Nature , the deepeft Difccveries fliew us the greateft Excellen¬ 
cies. An evident Argument, that he that was the Author of all thefe 
things, was no other then Omnipotent 3 being able to include as great a va¬ 
riety of parts and contrivances in the yet fmalleft Difcernable Point, as in 
thofe vafter bodies (which comparatively are called alfo Points) fuch as 
the Earth , Sun 3 or Planets. Nor need it feem ftrange that the Earth it felf 
may be by an Analogic call’d a'Phyfical Point:For as its body,though now 
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fo near us as to fill our eys and fancies with a fenle of the vaftnefs of it^ 
may by a little Diftance, and fome convenient Diminifiring Glafles, be 
made vanifh into a fcarce vifible Speck , or Point (as I have often 
try’d on the Moon , and (when not too bright) on the Sun it felf) So, 
could a Mechanical contrivance fuccesfully anfwerour Theory , we might 
fee the lead fpot as big as the Earth it felf $ and Difcover, as Des Cartes Dty di, 
alfb conjectures, as great a variety of bodies in the Moori : or Planets , as in l0 * § 
the Earth. 

But leaving thefe Difcoveries to future Induftries, we (hall proceed to 
add one Obfervation more of a point commonly fo call’d,that is, the mark 
of a/*/// fiop 3 or period. And for this purpofe I obferved many both printed 
ones ana written $ and among multitudes I found few of them more round 
ox regular then this which I have delineated in the third figure of the fe- 
cond Scheme, but very many abundantly more disfigur'd^ and for the 
moft part if they feem’d equally round to the eye, I found thole points 
that had been made by a Copper-plate , and Roll-pre(s, to be as misfliapen 
as thofe which had been made with Types , the moft curious and fmothly 
engraven firokgs and points , looking but as fo many furrows and holes , and 
their printed imprejjions , but like fmutty dauhings on a matt or uneven 
floor with a blunt extinguiiht brand or ftick’s end. And as for points 
made with a pen they were much more rugged and deformed. Nay,having 
view'd certain pieces of exceeding curious writing of the kind ( one of 
which in the bredth of a two-pence compris’d the Lords prayer , the Apoftles 
Creed , the ten Commandments , and about half a dozen verfes be (Ides of the 
Bible , whole lines were fo fmall and near together , that I was unable to 
number them with my naked eye 3 a very ordinary Microfcope, 1 had then a- 
bout me,inabled me to fee that what the Writer of it had aflerted was 
true , but withall difcover’d of what pitifull bungling fcribbles and [crawls 
it was compos'd^Arabian and China characters being almoft as well (hap’d , 
yet thus much I muft fay for the Man, that it was for the moft part legible 
enough, though in fome places there wanted a good fantjy well prepofefi 
to help one through. If this manner of fmall writing were made eafie and 
practicable ( and I think I know fuch a one, but have never yet made 
tryal of it, whereby one might be inabled to write a great deale with much 
eafe , and accurately enough in a very little roome ) it might be of very 
good ufo to convey fecret Intelligence without any danger of Difcovery 
or mijlrujling. But to come again to the point. The Irregularities of it 
are caufed by three or four coadjutors , one of which is, the unevenfurface 
of the paper , which at beft appears no Imotherthen a very courfe piece of 
Jbag d cloth , next the irregularity of the Type or Ingraving , and a third is the 
rough Daubing of the Printing-Inkyhat lies upon the inftrument that makes 
the impreflion, to all which, add the variation made by the Different 
lights and fijadows 3 and you may have fufficient reafon to ghefs that a point 
may appear much more ugly then this , which I have here prefented, which 
though it appear’d through the Microfcope gray 3 like a great fplatch of 
London dirt, about three inches over 5 yet to the naked eye it was blue 4 , 
and no bigger then that in the midft of the Circle A. And could I have 
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found Room in this Plate to have inlerted an O you (hould have (een that 
the letters were not more diftinft then the points of Diftin&ion, nor a 
drawn circle more exattlyT^then we have now ftiown a point to be a point. 


Obferv. 11. Of the Edge of a Razor . 

T He (harpeft Edge hath the fame kind of affinity to the (harpeft Point 
in Phyficks, as a line hath to a point in Mathematicks 5 and therefore 
the Treaty concerning this, may very properly be annexed to the for¬ 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
(pe&, till more clofely viewed by the Microfcope , and there we may ob- 
ferve its very Edge to be of all kind of (hapes, except what it {hould be. 
For examining that of a very (harp one, I could not find that any part of 
it had any thing of (harpnels in it 5 but it appear’d a rough furface of a 
very considerable bredth from fide to fide, the narrowed part not (eem- 
ing thinner then the back of a pretty thick Knife. Nor is’t likely that it 
{hould appear any otherwife, iince as we juft now (hew’d that a point ap¬ 
pear’d a circle , ’tis rational a line (hould be a parallelogram . 

Now for the drawing this fecond Figure(which reprefents a part of the 
Edge about half a quarter of an inch long of a Razor well fet) I fo plac’d it 
between the Objett-glafs 8c the light.that there appear’d a refie&ion from 
the very Edge,reprefented by the white line abode f In which you may 
perceive it to be fomewhat (harper then elfewhere about d , to be indent¬ 
ed or pitted about b 3 to be broader and thicker about c, and unequal 
and rugged about e, and pretty even between a b and e f. Nor was that 
part of the Edge g h i 4 fo fmooth as one would imagine fo fmooth bo¬ 
dies as a Hone and Oyl (hould leave it 5 for befides thole multitudes of 
(cratches, which appear to have raz’d the furface g h i 4, and to crols 
each other every way which are not half of them expreft in the Figure, 
there were (everal great and deep fcratches, or furrows, fuch as g h and 
i 4, which made the furface yet more rugged, caus’d perhaps by (bme 
(mall Duft cafually falling on the Hone, or (bme harder or more flinty 
part of the Hone it felf. The other part of the Razor / /, which is polifh d 
on a grinding-ftone, appear’d much rougher then the other, looking al- 
moft like a plow’d field, with many parallels, ridges, and furrows, and a 
cloddy, as ’twere, or an uneven furface : nor fhall we wonder at the 
roughnefies of thofe (urfaces, fince even in the moft curious wrought 
Glafles for Microjcopes , and other Optical u(es, I have, when the Sun has 
(hene well on them, difcover’d their furface to be varioully raz’d or 
(cratched, and to conlift of an infinite of fmall broken furfaees, which re- 
fle& the light of very various and differing colours. And indeed it (eems 
impoflible by Art to cut the (lirface of any hard and brittle body fmcoth, 
fince Pntte , or^ven the moft curious Powder that can be made ufe of, to 
polifh (iich a body, muftconfift of little hard rough particles, and each of" 
them muft cut its way, and conlequently leave (ome kind of gutter or 
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furrow behind it. And though Nature does feem to do it very readily in 
all kinds of fluid bodies, yet perhaps future obfervators may difcover 
even thcfealforugged, it being very probable, as I elfewhere fhew, that 
fluid bodies are made up of fmall folid particles varioufly and itrongly 
mov'd, and may find reafon to think there is fcarce a furface in rerum na* 
tura perfe&ly lmooth. The black fpot m », I ghefs to be fome fmall 
fpeck of ruff, for that I have oft obferv’d to be the manner of'the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really fuch as it appear'd through the Microfcope , would fcarce- 
ly have ferv’d to cleave wood, much lels to have cut off the hair of beards^ 
unlels it were after the manner that Lucian merrily relates Charon to have 
made ufe of, when with a Carpenters Axe he chop’d off the beard of a (age 
Philofopher, whole gravity he very cautioufly fear’d would indanger the 
overletting of his Wherry. 


Obferv. III. Offine Lawn? or Lirmen Cloth , 

r T f His is another product of Art, A piece of the finefl Lawn I was able x * 
to get, fo curious that the threads were (carce dilcernable by the na* ** 
ked eye,and yet through an ordinary Mkrofiope you may perceive what 
a goodly piece of coarfe Matting it is 5 what proportionable cords each of 
its threads are, being not unlike, both in ihape and fize, the bigger and 
coarfer kind of Jingle Rop e-yarn 0 wherewith they uliially make Cables. That 
which makes the Lawn lb tranlparent, is by the Microfcope , nay by the 
naked eye, if attentively viewed, plainly enough evidenced to be the 
multitude of fquare holes which are left between the threads, appearing 
to have much more hple in relpeft of the intercurrent parts then is for the 
moft part left in a lattice-window , which it does a little refemble, onely 
the eroding parts are round and not flat. 

Thefe threads that compofe this fine contexture, though they are as 
(mall as thole that conlfitute the finer forts of Silks, have notwithftanding 
nothing of their gloflie, pleafant,and lively reflection. Nay, I have been 
informed both by the Inventor himle^f, and (everal other eye-witnefles, 
that though the flax,out of which it is made,has been (by a lingular art, of 
that excellent Perfon, and Noble Vertuofo, M. Charts Howard^ brother to 
the Duke ofNorfoll 0(6 curioufly drels’d and prepar’d,as to appear both to 
the eye and the touch, full as fine and as glojfie, and to receive all kinds 
of colours,as well as Sleave-Silk 5 yet when this Silken Flax is twilled intd 
threads, it quite lofeth its former lulfer, and becomes as plain and bale 
a thread to look on, as one of the fame bignels, made of common Flax. 

The reafon of which odd Phenomenon feems no other then this $ that 
though the curioufly drelf Flax has its parts fo exceedingly (mall, as to 
equallize, if not to be much fmaller then the clew of the Silk-worm, elpe- 
cially in thinnels, yet the differences between the figures of the conlfi- 
tuting filaments are fo great, and their fubflanccs fo various, that whereas 
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thofe of the are finallyound, hard t tranjparent, and to their bignc/s 

proportionably ftiffj lo as each filament preferves its proper Figure, and 
confequently its vivid reflection inure, though twifted into a thread, if 
not too hard $ thofe of Flax are flat , limber,fofter, and lefl tranflarent, and 
in twifting into a thread they joyn,and lie fo clofe together,as to lofe their 
own, and deftroy each others particular reflections. There feems there¬ 
fore three Particulars very requifite to make the fo dreft Flax appear Silk 
alfo when fpun into threads. Firft, that the fubftance of it fhould be 
made more clear and tranjparent , Flax retaining in it a kindofopacating 
brown, or yellow 5 and the parts of the whiteft kind I have yetobferv’d 
with the Microfcope appearing white, like flaw’d Horn or Glafs, rather 
then clear, like clear Horn or Glafs. Next that, the filaments fhould each 
of them be rounded, if that could be done,which yet is not fo very neceft 
fary, if the firft be perform’d, and this third, which is, that each of the 
fmall filaments be Jlifned $ for though they be fquare, or flat, provided 
they be tranflarent and ftiff, much the fame appearances muft neceflarily 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thefe proprieties may be alfo induc’d upon the Flax,and perhaps too 
by one and the fame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the fubftance of Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable , the 
Other an animal fubftance. And whether it proceed from the better con- 
coCfion, or the more homogeneous conftitution of animal fubftances 
above thofe of vegetables , I do not here determine $ yet fince I ge¬ 
nerally find, that vegetable fubftances do not equalize the tenacity of ani~ 
mal , nor thefe the tenacity of fome purified mineral fubftances5 I am 
very apt to think, that the tenacity of bodies does not proceed from the 
hdmous , or hooked particles, as the Epicureans, and fome modern Fhilofb - 
phers have imagin'd 5 but from the more exaft: congruity of the consti¬ 
tuent parts, which are contiguous to each other, and fo bulky, as not to 
be eafily feparated, or fhatter’d, by any fmall pulls or concuffion of 
heat. 

• .. * . . . — ■ — — • — ■ — ■ ■ .—— . 

Obferv. IV, Of fine rnled Silk? or Safety. 

sdem. $. ty | 1 f]i s is the appearance of a piece of very fine Taflety-riband in the 
£ 1 J bigger magnifying Glafs, which you fee exhibits it like a very con¬ 
venient lubftance to make Bed-matts,or Door-matts of,or to ferve for Bee¬ 
hives, Corn-fcuttles,Chairs ; or Corn-tubs,it being notunlike that kind of 
work, wherewith in many parts in England , they make fuch Utenfils of 
Straw,a little wreathed,and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the Silk-worm, 
feem’d about the bignefs of an ordinary Straw, as appears by the little ir- 
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regular pieces,** b 0 c d 3 and ef 5 The Warp, or the thread that ran crofting die 
Riband,appear’d like a fingle Rope of an Inch Diameter} but the Woof, 
or the thread that ran the length of the Riband., appear’d not half fo 
big. Each Inch of fix-peny^broad Riband appearing ho lefs then a piece 
of Matting Inch and half thick, and twelve foot fquare 5 a few yards of 
this, would be enough to floor the long Gallery of the Loure at Partfi 
But to return to our piece of Riband; It affords us a not unpleafant ob- 
jeX, appearing like a bundle, or wreath, of very clear and tranfparenC 
Cylinders, if the Silk be white, and curkmfly ting’d 5 if it be colour’d,each 
of thole fmall horney Cylinders affording in fbme place or other of then*, 
as vivid a refleXion, as if it had been lent from a Cylinder of Glafs or Horm 
In-fo-much, that the reflexions of Red, appear’d as if coming fromfo 
many Granates , or Rubies. The lovelinefs of the colours of Silks above 
thofe of hairy Stuffs,or Linnen,confiding as I elfe-where intimate,chieflyiil 
the tranfparency, and vivid refleXions from the Concave, or inner fulface 
of the transparent Cylinder , as are alfo the colours of Precious Stones^ 
for moft of the refleXions from each of thefe Cylinders , come from, the 
Concave furface of the air, which is as ’twere the foil that incompafies the 
Cylinder, The colours with which each of thefe Cylinders are ting’d, ibem 
partly to be fuperficial, and flicking to the out-fides of them 5 and pattly, 
to be imbib’d, or funck into the fubflance of them : for Silk, Teeming to 
be little elfe then a dried thread of Glew, may be fuppos’d to be very 
eafily relaxt,and foftened, by being fteeped in warm, nay in cold,.ifpene* 
trant, juyees or liquors. And thereby thofe tinXures, though they tinge 
perhaps but a fmall part of the fubflance, yet being fo highly impregnated 
with the colour, as to be almoft black with it, may leave an impreftion 
ftrong enough to exhibite the defil’d colour. A pretty kinde of krtifi- 
cial Stuff I have feen, looking almoft like tranfparent Parchment, Horn, 
or Ifing-glafs, and perhaps fbme fuch thing it may be made of, which be¬ 
ing transparent, and of a glutinous nature, and eafily mollified by keep¬ 
ing in water, as I found upon trial, had imbib’d, and did remain ting’d 
with a great variety of very vivid colours, and to the naked eye, it look’d 
very like the fubftanee of the Silk. And I have often thought, that pro¬ 
bably there might be away found out, to make an artificial glutinous 
compofition, much refembling, if not full as good, nay better, then that 
Excrement,or whatever other fubflance it be out of which, the Silk-worm 
wire-draws his clew. If fuch a compofition were found, it were certain¬ 
ly an eafie matter to find very quick ways of drawing it out into fmall 
wires for ufe. I need not mention the ufe of fuch an Invention,nor the be j 
nefitthatis likely to accrue to thefinder,they being fufficiently. obvious. 
This hint therefore, may, I hope, give fbme Ingenious inquifitive Perfbn 
an occafion of making fome trials, which if fuccefsfull, I have my aim, and 
I fuppofe he will have no occafion to be difpleas’d. 
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Obferv. V. Of watered Silks? or Stufs. 

Stbem. j. ^■""Here arc but few Artificial things that are worth obferving with a 
*’ 1 Microftope $ and therefore I (hall (peak but briefly concerning them. 

For the Productions of art are fuch rude mif (hapen things, that when 
view’d with a Microfcopefiherc is little elfe obfervable,but their deformity. 
The moft curious Carvings appearing no better then thole rude Ruffian 
Images we find mention’d in Vurchas , where three notches at the end of a 
Stick, flood for a face. And the moft fmooth and burnifh’d furfaces appear 
moft rough andunpoliflht: So that my firft Reafon why I (hall add but a 
few obfervations of them, is, their mif-ihapen form} and the next, is their 
ufelelsnefs. For why (hould we trouble our felves in the examination of 
that form or (hape (which is all we are able to reach with a Microfeope ) 
which we know was defign’d for no higher a ufe, then what we were able 
to view with our naked eye } Why (hould we endeavour to difcover 
myfteries in that which has no fuch thing in it } And like Rabbins find out 
Caballifms^ and anig/nds in the Figure, and placing of Letters, where no 
fiich thing lies hid : whereas in natural forms there are lbme (o fmall, and 
fo curious,and their defign’d bufinels (o far remov’d beyond the reach of 
our fight,that the more we magnify the objett, the more excellencies and 
myfteries do appears And the more we difooverthe imperfections of our 
fenles, and the Omnipotency and Infinite perfections of the great Crea- 
tour. I (hall therefore onely add one or two Obfervations more of artifi¬ 
cial things, and then come to the Treaty concerning fuch matters as are 
the Productions of a more curious Workman. One of the(e,(hall be that 
of a piece of water’d Silk, reprelented in thefecond Figure of the third 
Scheme^ as it appear’d through the lead magnifying Glals. A B. fignifying 
the long way of the StufF,and C D the broad way. This Stuff, if the right 
fide of it be looked upon, appears to the naked eye, all over (b waved, 
undulated, or grain’d, with a curious, though irregular variety of brigh¬ 
ter and darker parts, that it adds no fmall gracefulnels to theGlofsofit. 
It is (b known a propriety, that it needs but little explication, but it is ob- 
(ervable,which perhaps everyone has not confidered, that thole parts 
which appear the darker part ofthe wave, in one pofition to the light, in 
another appears the lighter,and the contrary sand by this means the undu¬ 
lations become tranfient, and in a continual change,according as the po¬ 
fition of the parts in refpeCt of the incident beams of light is varied. The 
reafon of which odd phenomena* to one that has but diligently examin’d 
it even with his naked eye, will be obvious enough. But he that obferves 
it with a Microfcope , may more eafily perceive what this Troteus is, and 
how it comes to change its (hape. He may very eafily perceive, that it 
proceeds onely from the variety of the Reflexions of light, which is caus’d 
by the various Jbape of the Varticles, or little protuberant parts of the 
thread that compofe the furface 5 and that thofe parts of the waves that 
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appear the brighter.throw towards the eye a multitude of fmalfrefle&i- 
ons of light, whereas the darker fcarce afford any. The reafon of which 
reflection, the Microfcope plainly difcovers, as appears by the Figure. In 
which you may perceive, that the brighter parts of the furface confift of 
an abundance of large and ftrong refleCl:ions,denoted by a, a , a 0 a , a 0 See. 
for the furfaces of thofe threads that run the long way , are by the Media-* 
nical procefs of watering, creas'd or angled in another kind of pofture 
then they were by the weaving: for by the weaving they are onely bent 
round the warping threads 5 but by the watering, they are bent with aft 
angle , or elbow , that is in head of lying, or being bent round the threads, 
as in the third Figure, a^a, a, a, a , are about bjbjo (/>,/>,/> reprefenting the 
ends,as ’twere,of the crofsthreads,they are bent about) they are creas'd 
on the top of thofe threads, with an angle , as in the fourth Figure, and 
that with all imaginable variety 5 fo that,whereas before they refledted 
the light onely from one point of the round furface, as about c, c, r, they 
now when water’d, refled the beams from more then half the whole fur- 
face,as de^de^de, and in ether pofturcs they return no refledions at all 
from thofe furfaces. Hence in one pofture they compofe the brighter 
parts of the waves,in another the darker. And thefe refledions are alfo 
varied, according as the particular parts are varioufly bent. The reafon 
of which creafing we (hall next examine 5 and here we muff fetch our in¬ 
formation from the Mechanifm or manner of proceeding in this operation 5 
which, as I have been inform'd, is no other then this. 

They double all the Stuff that is to be water’d, that is,they create it jufc 
through the middle of it, the whole length of the piece, leaving the right 
fide of the Stuff inward, and placing the two edges, or filvages juft upon 
one another,and,as near as they can,place the wale fo in the doubling of it* 
that the wale of the one fide may lie very near parallel, or even with the 
wale of the other $ for the nearer that polfure they lie, the greater will 
the watering appear } and the more obliquely,or acrofs to each other they 
lie, the {mailer are the waves. Their way for folding it for a great wale 
is thus: they take a Pin,and begin at one fide of the piece in any wale,and 
fo moving it towards the other fide, thereby dired their hands to the op- 
polite ends of the wale, and then, as near as they can, place the twoop- 
pofite ends of the fame wale together, and fo double, or fold the whole 
piece, repeating this enquiry with a Pin at every yard or two’s diftance 
through the whole length 5 then they fprinkle it with water,and fold it the 
longways, placing between every fold a piece of Paffboard, by which 
means all the wrong fide of the water'd Stuff becomes flat, and with little 
wales, and the wales on the other fide become the more protuberant 3 
whence the creafings or angular bendings of the wales become the more 
perfpicuous. Having folded it in this manner,they place it with an inter¬ 
jacent Paftboard into an hot Prefs, where it is kept very violently preft, 
till it be dry and fkiff 3 by which means, the wales of either contiguous 
fides leave their own impreflions upon each other, as is very mani- 
fed by the fecond Figure, where 'tis obvious enough, that the wale of the 
piece A B C D runs parallel between the pricked lines ef^e^ef, and as 
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mamfef^o difcern the impreflions upon thefe wales, left by thofe that 
were preft upon them,which lying not exaCtly parallel with them 5 but a lit* 
tie athwart them, as is denoted by the lines ofy o o o 0 gh. gh.gh , between 
which the other wales did lie parallel}they are fo variouf]y,and irregular* 
ly creas’d that being put into that fhape when wet,and kept fo till they be 
drie, they fo fet each others threads, that the Moldings remain almoft as 
long as the Stuff lafts. 

Hence it may appear to any one that attentively confiders the Figure, 
why the parts of the wale a , <*, a , a , a, a 0 fhould appear bright} and why 
the parts b^bff^b^bff^ fhould appear fhadowed, or dark} why fome, as 
d^dfdfi^d^ fhould appear partly light,and partly dark: the varieties of 
which reflections and fhadows are the only caufe of the appearance of wa¬ 
tering in Silks, or any other kind of Stuffs. 

From the variety of reflection, may alfo be deduc’d the caufe why a 
fmall breez or gale of wind ruffling the furface of a fmooth water, makes 
it appear black5 as alfo,on the other fide, why the fmoothing or burnifh- 
ing the furface of whitened Silver makes it look black 5 and multitudes of 
other phenomena might hereby be folv’d, which are too many to be here 
infifted on. 


Obferv. VI. Offmall Glafs Canes . 

T Hat I might be fatisfi’d, whether it were not poffible to make an 
Artificial pore as [mail as any Natural I had yet found, I made fe- 
veral attemps with fmall glafs pipes , melted in the flame of a Lamp, and 
then very fuddenly drawn out into a great length. And, by that means , 
without much difficulty, I was able to draw fome almoft as fmall as a 
Cobweb , which yet, with the Microfcope 0 I could plainly perceive to be 
perforated , both by looking on the ends of it, and by looking on it againfi 
the light } which was much the eafier way to determine whether it were 
folid or perforated} for, taking a fmall pipe of glafs, and clofing one 
end of it, then filling it halffull of water, and holding it againfi the lights 
I could, by this means, very eafily find what was the differing afpett of a 
folid and a perforated piece of glafs} and fo eafily diftinguifh, without 
feeing either end, whether any Cylinder of glafs I look’d on, w ere a folid 
flicks or a hollow cane . And by this means,l could alfo prefently judge of 
any fmall filament of glafs, whether it were hollow or not , which would 
have been exceeding tedious to examine by looking on the end. And 
many fuch like ways I W 7 as fain to make ufe of, in the examining of di¬ 
vers other particulars related in this Book, wffiich would have been no 
eafie task to have determined meerly by the more common way of look¬ 
ing on, or viewing the Ob jeCL For, if we confider firft, the very faint 
light wherewith the objeCt is enlightened, whence many particles ap¬ 
pear opacous, which when more enlightned, appear very tranjparent, fo 
that I was fain to determine its tranjparency by one glafs, and its texture 
by another Next, the unmanageallenefs of molt Obje&s , by reafon 
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of their fmalnefs, 5. The difficulty of finding the defired point, and of 
placing it io^ as to reflect the light conveniently for the Inquiry, • Laftly, 
ones being able to view it but with one eye at once., they will appear ho 
fmall obftrutiions, nor are they eafily removd without many conttiirati- 
ces. But to proceed., I could not find that water, or fome deeply ting d 
liquors would in fmall ones rife fo high as one would expert 5 and the 
highefi I have found it yet rife ii\any of the pipes I have try’d, was to 
21 inches above the level of the water in the veflel: for though I found 
that in the fmall pipes it would nimbly enter at firfi:, and run about 6 or 
7 inches, upwards 5 yet I found it then to move upwards^ flow , that f 
have not yet had the patience to oblerve it above that height of 21 in¬ 
ches (and that was in a pretty large Pipe , in comparifon of thofe I for¬ 
merly mentioned $ for I could obferve the progrefs of a very deep tingd 
liquor in it with my naked eye , without much trouble 5 whereas many of 
the other pipes were fo very finally that unlefs in a convenient pofinre to the 
light, I could not perceive them :) But tis very probable, that a greater 
patience and ajjiduity maydifeover the liquors to rife, at lead: to remain 
fefpcnded, at heights that I fhould be loath now even to ghefs at, if at 
lead: there be any proportion kept between the height of the afeending 
liquor, and the bignefs of the holes of the pipes; 

' . : • ■ ... *fi/ '■ ■ ;;/ ' ' . ; :y/ \ A 

An Attempt for the Explication of this Experiment. 

My Conjecture, ‘That the unequal height of the furfaces of the water, 
proceeded from the greater prejjure made upon the water by the Air 
without the Pipes A B C, then by that within them y I (hall endeavour to 
confirm from the truth of the two following Propofitions : 

The firfi: of which is, Ph at an unequal prejjure of the incumbent Air 9 
will caufe an unequal height in the water s Surfaces. 

And the fecond is, Phat in this experiment there is fuch an unequal 
prejjure * 

That the firft is true, the following Experiment will evince. For if 
you take any Veflel fo contrived, as that you can at pleafure either in- 
crcafe or diminifh the prejjure of the Air upon this or that part of the Su¬ 
perficies of the water , the equality of the height of thofe parts will pre- 
fently be lofl 5 and that part of the Superficies that fuftains the greater prefe 
fure : will be inferior to that which undergoes the lefs. A fit Veflel for 
this purpofe, will bean inverted Glafs Syphon, fuch an one as is deferi- 
bed in the Sixth Figure. For if into it you put Water enough to fill it as 
high as A B , and gently blow in at D, you (hall deprefs the Superficies B y 
and thereby raife the oppofite Superficies A to a confiderable height, and 
by gently fueling you may produce clean contrary efFeCts. 

Next, That there is fuch an unequal prejjure, I fhall prove from this, 
Phat there is a much greater incongruity of Air to Glafs 3 andfeme other Bodies y 
then there is of Water to the fame. 
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By Congruity,1 mean a property of a fluid Body , whereby any part of it 
js readily united with any other part , either of it felf or of any other simi¬ 
lar 0 fluid 0 or folid body : And by Incongruity a property of a fluids by which 
it is kindred from uniting with any dijflmilar^fluid^orfolid Body. 

This laft property, any one that hath been obfervingly convcriant 
about fluid Bodies, cannot be ignorant of. For (not now to mention 
feveral Chymical Spirits and Oyls , which will very hardly , if at all ' be 
brought to mix with one another s inlomuch that there may be found 
(ome 8 or 9, or more, feveral diftinCt Liquors, which fwimming one up¬ 
on another, will not prefently mix') we need leek no further for Exam¬ 
ples of this kind in fluids , then to obferve the drops ofrain falling through 
the air , and the bubbles of air which are by any means conveyed under 
the furface of the water s or a drop of common sallot Oyl fwimming upon 
water. In all which, and many more examples of this kind that might 
be enumerated, the incongruity of two fluids is eafily difcernable. And 
as for the Congruity ox Incongruity of Liquids, with feveral kinds of firm 
Bodies, they have long fince been taken notice of, and called by the 
Names of Drinefs and Moiflure (though thefe two names are not compre- 
henfive enough, being commonly ufed to fignifie only the adhering or 
not adhering of water to fome other folid Bodies)of this kind we may ob¬ 
ferve that water will more readily wet fome woods then others s and that 
water , let fall upon a Feather , the whiter fide of a Colwort , and fome 
other leaves, or upon almoft any dufly^ unttuous^ or refinous fuperficies, 
will not at all adhere to them, but eafily tumble off from them, like a folid 
Bowls whereas, ifdropt upon Linnen, Paper> Clay , green Wood , 8tc. it will 
not be taken off, without leaving fome part of it behind adhering to them. 
So guick:filver> which will very hardly be brought to flicks to any vegeta¬ 
ble body , will readily adhere to, and mingle with, feveral clean metalline 
bodies. 

And that we may the better finde what the caufe of Congruity and 
Incongruity in bodies is, it will be requifite to confider, Firft, what is the 
caufe of fluidnefs 5 And this, I conceive , to be nothing elfe but a certain 
pulfe or flake of heat s for Heat being nothing elfe but a very br /j-^and ve¬ 
hement agitation of the parts of a body (as I have elfwhere made proba - 
bable) the parts of a body are thereby made {oloofe{\ rom one another, 
that they eafily move any way , and become fluid. That I may explain 
this a little by a grols Similitude, let us fuppofe a difh of land let upon 
fome body that is very much agitated^ and lhaken with fome quicks and 
ftrong vibrating motion ,as on a Milflone turn’d round upon the under Hone 
very violently whilfl it is empty^or on a very fliffDn/«?-head,which is ve¬ 
hemently or very nimbly beaten with the Drurnfticks. By this means, 
the fand in the difh, which before lay like a dull and una&ive body, be¬ 
comes a perfi zdcfluids and ye cannofooner make a hole in it with your 
finger, but it is immediately filled up again , and the upper furface of it 
levelled. Nor can you bury a light body , as a piece of Cork under it, but 
5 t prefently emerges or fwims as kwere on the top 5 nor can you lay a 
heavier on the top of it, as a piece of Lead, but it is immediately buried 
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in Sand* and (as Were) finks to the bottom. Nor can you make a hole 
in the fide of the Difh* but the fand (hall run our of it to a level, not an 
obvious property of a fluid body* as fuch* but this dos imitate 3 and all 
this meerly caufed by the vehement agitation of the conteining veftel 5 
for by this means* each (and becomes to have a vibrative or dancing mo¬ 
tion* fo as no other heavier body can reft on it, unlels feftein'd by fome 
other on either fide: Nor will it fuffer any Body to be beneath it* unlels 
it be a heavier then it felfi Another Inftance of the ftrange loofening 
nature of a violent jarring Motion* or a ftrong and nimble vibrative 
one* we may have from a piece of iron grated on very ftrongly with a 
file : for if into that a pin be ferew d lb firm and hard* that though it has 
a convenient head to it* yet it can by no means be unferetdd by the fin¬ 
gers ^ if* I lay* you attempt to unferew this whilft grated on by the file * it 
will be found to undoe and turn very eafily, The firft of thefe Examples 
manifefts* how a body actually divided into fmall parts* becomes a fluid* 
And the latter manifefts by what means the agitation of heat fo eafily 
loofens and unties the parts ol Johd and firm bodies. Nor need we fup- 
pofe heat to be any thing elfe, befides fetch a motion 3 for fuppofing we 
could Mechanically produce fuch a one quicks and firong enough, we need 
not (pend fuel to melt a body. Now, that I do not fpeak this altogether 
groundlefs* I muff refer the Reader to the Obfervations I have made up¬ 
on the (hining fparks of Steel* for there he fhall find that the fame effe&s 
are produced upon fmall chips or parcels of Steel by the flame * and by A 
quicks violent motion 3 and if the body of jleel may be thus melted 
(as I there (hew it may) I think we have little realbn to doubt that al- 
moft any other may not alfo. Every Smith can inform one how quickly 
both his File and the Iron grows hot with filing * and if you rub almoft 
any two hard bodiestogether* they will do the lame : And we know* 
that a fuflicient degree of heat caufes fluidity, in fome bodies much (bon¬ 
er* and in others later 3 that is* the parts of the body of fome are fo laofi 
from one another* and fo unapt to cohere , and fo minute and little, that a 
very Jhiall degree of agitation keeps them always in the Jlate of fluidity . 
Of this kind* J fuppofe* the AEther, that is the medium or fluid body* in 
which all other bodies do as it were lwim and move 3 and particularly, 
the Air * which feems nothing elfe but a kind of tin&nre or folution of ter- 
reftrial and aqueous particles dijjolvd into it* and agitated by it* juft as 
the tinUure of Cochcneel is nothing but fome finer dijjoluble parts of that 
Concrete lick’d up or dijjolvd by the fluid water. And from this Notion 
of it* we may eafily give a more Intelligible reafon how the Air becomes 
fo capable of Rarefa&ion and Condenfotion. For* as ’mtin&ures,one grain 
of fome ftrongly tinging fubftance may fenfibly colour fome hundred thou - 
fand grains of appropriated Liquors*fo as every drop of it has its proportio¬ 
nate (hare* and be fenfibly ting’d* as I have try’d both with Logwood 
and Cocheneel : And as fome few grains of Salt is able to infed as 
great a quantity*as may be found by precipitations * though not fo eafily 
by the fight or afle 3 fo the Air, which feems to be but as Were a tin&ure 
or Jaline fubftance, dijjolvd and agitated by the fluid and agil JEther 3 may difc 
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perfe and expand it felf into a vaft /pace, if it have room enough, and 
infe&,as it were,every part of that fpace. But,as on the other fide,if there 
be but fame few grains of the liquor, it may extra3 all the colour of the 
tinging fubftance, and may dijjolve all the Salt, and thereby become 
much more impregnated with thole fubftances, fo may all the air that luf- 
ficed in a rarifyd (late to fill fome hundred thoufaud fpaces of /Ether, be 
compris’d in only 0»e,but in apofition proportionable denfe. And though 
we have not yet found out fuch flrainers for Tin&ures and Salts as we 
have for the Air, being yet unable to feparate them from their difiblving 
liquors by any kind of filtre^ without precipitation , as we are able to fe¬ 
parate the Air from the ./Ether by Glafs , and leveral other bodies. And 
though we are yet unable and ignorant of the ways of precipitating Air 
out of the ./Ether as we can Tin&ures, and Salts out of leveral dijjolvents $ 
yet neither of thefe feeming impolfible from the nature of the things, nor 
to improbable but that fome happy future induftry may find out ways to 
effeft them 5 nay, further, fince we find that Nature does really perform 
(though by what means we are not certain) both thele a&ions, namely, 
by precipitating the Air in Rain and Dews, and by lupplying the Streams 
and Rivers of the World with frelh water, f rain’d through lecret lub- 
terraneous Caverns: And fince, that in very many other proprieties they 
do lb exa&ly feem of the fame nature 5 till further oblervations or 
tryals do inform us of the contrary , we may fafely enough conclude them of 
the fame kind. For it feldom happens that any two natures have lb ma¬ 
ny properties coincident or the fa me. as I have obferv’d Solutions and 
Air to have, and to be different in the reft. And therefore I think it nei¬ 
ther impcffible i irrational , nay nor difficult to be able to prediff what is 
likely to happen in other particulars alfo, befides thole which Obfervation 
or Experiment have declared thus or thus 5 efpecially, if the circum- 
jlances that do often very much conduce to the variation of the effeds be 
duly weigh’d and confider’d. And indeed, were there not a probability of 
this, our inquiries would be endlefs , our tryals vain , and our greateft in¬ 
ventions would be nothing but the meer products of chance , and not of 
Reafon $ and, like Mariners in an Ocean, deftitute both of a Compajs and 
the fight of the Celefiialguids , we might indeed, by chance , Steer dircttly 
towards our defired Port, but ’tis a thoufand to one but we mifs our aim. 
But to proceed, we may hence alfo give a plain realon, how the Air comes 
to be aarkped by clouds , 8cc. which are nothing but a kind of precipitati¬ 
on , and how thole precipitations fall down in Showrs. Hence alfo could 
I very eafily, and I think truly, deduce the caufe of the curious (ixangu- 
lar figures of Snow, and the appearances of Haloes , &c. and the’ iudden 
thickping of the Sky with Clouds, and the vanifinng and difappearing of 
thofe Clouds again 5 for all thele things may be very eafily imitated in a 
glafs of liquors with fome iYightChymicalpreparations 2ls I have often try’d, 
and may fomewhere elfe more largely relate, but have not now time to 
fet them down. But to proceed, there are other bodies that confiftcf 
particles more Groff and of a more apt figure for cohefion , and this re¬ 
quires a fomewhat greater agitation $ fuch, I fuppo tey. fermented vinous 
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Spirits, leveral Chymical Oils , which are much of kin to thole Spirits, See. 
Others yet require a greater, as water, and fo others much greater, for afc 
moft infinite degrees: For, I fuppofe there are very few bodies in the 
world that may not be made aliquatenus fluid, by fome or other degree of 
agitation or heat. 

Having therefore in fhort fet down my Notion of a Fluid body, I come 
in the next place to conlider what Congruity is 5 and this, as I faid before, 
being a Relative property of a fluid, whereby it may be laid to be likg or 
unlike to this or that other body, whereby it does or does not mix with 
this or that body* We will again have recourfe to our former Experi¬ 
ment, though but a rude one, and here if we mix in the difh fever al kinds 
of lands, fome of bigger, others of lefs and finer bulks, we fhall find that 
by the agitation the fine fand will ejett and throw out of it lelf all thofe 
bigger bulks of fmall jiones and the like, and thofe will be gathered toge¬ 
ther all into one place 5 and if there be other bodies in it of other natures, 
thole alio will befeparated into a place by themfelves, and united or tum¬ 
bled up together. And though this do not come up to the highefl proper¬ 
ty of Congruity , which is a Cohdfion of the parts of the fluid together, or 
a kind of attra&ion and tenacity, yet this does as ’twere ff?adow it out, 
and lomewhat relemble it $ for juft after the lame manner, I fuppole 
the pulfe of heat to agitate the fmall parcels of matter, and thole that are 
of a likgbignef, an d figure, and matter, will hold, or dance together, and 
thofe which are of a diff ering kind will be thrufi or Jhovd out from be¬ 
tween them 5 for particles that are all fimilar, will, like fo many equal 
muffcalfirings equally ftretcht, vibrate together in a kind of Harmony o t 
unifon , whereas others that are dijfimilar, upon what account foever,un- 
lels the difproportion be otherwife counter-ballanc’d, will, like lb many 
firings out of tune to thole unifons, though they have the lame agitating 
pulfe, yet make quite differing kinds of vibrations and repercuffions, lo that 
though they may be both mov’d,yet are their vibrations fo different, and 
lb untun d, as Were to each other, that they crofs and jar againft each 
other, and conlequently, cannot agree together, but fly back from each 
other to their fimilar particles* Now, to give you an inftance how the 
difproportion of lome bodies in one refpedt, may be counter-ballanc d by 
a contrary difproportion of the fame body in another refpeft, whence we 
find that the fubtil vinous fpirit is congruous, or does readily mix with wa- 
ter, which in many properties is of a very differing nature, we may com- 
fiderthat a unifon may be made either by two firings of the fame bignefs , 
length, and tenfion, or by two firings of the lame bignefi, but of differing 
length, and a contrary differing tenfwn 5 or 3 ly. by two firings of unequal 
length and bignefs , and of a differing tenfion , or of equal length, and diffe¬ 
ring bignefs and tenfion, and leveral other fuch varieties. To which three 
properties in firings, will correfpond three proprieties alfo in fand, or the 
particles of bodies, their Matter or Subfiance , their Figure or shape, and 
their Body or Bulk And from the varieties of th ofe. three, may arile in¬ 
finite varieties in fluid bodies, though all agitated by th t fame pulfe or vi- 
brative motion. And there may be as many ways of making Harmonies 
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and Difcords with thete, as there may be with muficalfirings. Having 
therefore teen what is the caute of Congruity or Incongruity, thofe rela¬ 
tive properties of fluids, we may, from what has been (aid, very eafily 
colled, what is the of thofe Relative proprieties alfo between flu¬ 

id bodies and folid 5 for fince all bodies confift of particles of fuch a Sub- 
fiance , Figure , and Bulkj) but in fome they are united together more firm¬ 
ly then to be loofened from each other by every vibrative motion (though 
I imagine that there is no body in the world, but that fome degree of a- 
gitation may, as I hinted before, agitate andloofen the particles fo as to 
make them fluid) thofe cohering particles may vibrate in the fame man¬ 
ner almoft as thofe that are loofe and become unifions or difcords , as I 
may fb fpeak, to them. Now that the parts of all bodies , tfiough never 
fo folid , do yet vibrate , I think we need go no further for proof, then 
that ^bodies have fome degrees of heat in them, and that there has not 
been yet found any thing perfe&ly cold : Nor can I believe indeed that there 
is any fuch thing in Nature, as a body whole particles are at retf, or lazy 
and unattive in the great Theatre of the Worlds it being quite contrary to 
the grand Oeconomy of the llniverfe. We fee therefore what is the rea- 
fon of the Jympathy or uniting of fome bodies together, and of the anti- 
pathy or flight of others from each other : For Congruity teems nothing 
elte but a Sympathy^ and Incongruity an Antipathy of bodies, hence flmi- 
lar bodies once united will not eafily part , and dijfimilar bodies once d/f 
joyndwiW not eafily unite again 5 from hence may be very eafily deduc’d 
the realbn of the fujpenflon of water and guickfilver above their ulual fla¬ 
tten, as I fhall more at large anon (hew. 

Thete properties therefore (alwayes the concomitants of fluid bodies) 
produce thefe following vifible Ejfetts : 

Firft, They unite the parts of a fluid to its fimilar Solid, or keep them 
feparate from its dijfimilar . Hence Quicfifilvcr will (as we noted before) 
fiick^ to Gold , Silver , Tin , Lead fine, and unite with them : but roul off from 
Wood) Stone , Glafs, &c. if never lb little feituated out of \ts horizontal le¬ 
vel an d water that will wet fait and dijjolve it, will flip off from Tallow , 
or the like, without at all adherings as it may likewife be obterved to 
do upon a dufly fuperficies. And next they caute the parts of homogene- 
alfluid bodies readily to adhere together and mix, and of heterogenealyo 
be exceeding averfe thereunto. Hence we find, that two fmall drops of 
water , on any fuperficies they can roul on, will, if they chance to touch 
each other, readily unite and mix into one 3 d drop: The like may be ob¬ 
terved with two fmall Bowls of ^uicl^fllver upon a Table or Glals, pro¬ 
vided their furfaces be not dufly 5 and with two drops of Oyl upon fair 
water, &c. And further, water put unto wine, fait water , vinegar , fpirit 
of wine, or the like, does immediately (efpecially if they be lhaken to¬ 
gether) difpcrfe it felf all over them. Hence, on the contrary, we alio 
find, that Oyl of Tartar poured upon g)uick:filver, and Spirit of Wine on 
that Oyl, and Oyl of Turpentine on that Spirit, and Air upon that Oyl, though 
they beftopt clofely up into a Bottle, and fljafen never fo much, they 
will by no means long fuller any of their bigger parts to be united or in¬ 
cluded 
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eluded within any of the other Liquors(by which recited Liquors,may be 
plainly enough reprefented the four VeripateticalElements, and the more 
fubtil JEther above all.) From this property ns, that a drop of water does 
not mingle with, or vanifh into Air, but is driven (by that Fluid equally 
protruding it on every fide) andforc’t into as little a fpace as it can poi- 
fibly be contained in, namely, into a Round Globule. So likewife a lit* 
tie Air blown under the water, is united or thrufi: into a bubble by the 
ambient water. And a parcel cf Quicksilver enclofed with Air, Water ? 
or almoff: any other Liquor, is formed into a round Ball. 

Now the caufe why all theie included Fluids, newly mentioned, or as 
many others as are wholly included within a heterogeneous fluid, are 
not exaUly of a Spherical Figure (feeing that if caufed by thefe Principles 
only, it could be of no other) muff proceed from fottie other kind of 
prefiure againfi: the two oppofite flatted fides. This adventitious or acci* 
dentalprefiure may proceed from divers caufes, and accordingly rhuffc di- 
verfifie the Figure of the included heterogeneous fluid : For feeing that a 
body may be included cither with a fluid only, or only with a folid, or 
partly with a fluid, and partly with a folid, or partly with one fluid, and 
partly with another 5 there will be found a very great variety of the ter¬ 
minating furfaces, much differing from a Spherical, according to the vari¬ 
ous refiftance or prefiure that belongs to each of thefe encompafling bo¬ 
dies. 

Which Properties may in general be deduced from two heads, viz. 
Motion, and Reft. For, either this Globular Figure is altered by a natu *• 
ralMotion, fuch as is Gravity 5 or a violent, fuch as is any accidental motion 
of the fluids, as we fee in the wind ruffling up the water,and the purlings 
of Streams, and foaming of Catarrafts, and the like. Or thitdly. By the 
Reft, Firmnefs and Stability of the ambient Solid. For if the including 
Solid be of an angular or any other irregular Form, the included fluid will 
be near of the like,as a Pint -Pot full of water,ox a Bladder full of Air. And 
next, if the including or included fluid have a greater gravity one than 
another,then will the globular Formbedepreft into an Elliptico-fpherical: 
As if, for example, we luppofe the Circle A B C D, in the fourth Figure , 
to reprelent a drop of water , Quich^fiilver, or the like, included with the 
Air or the like, which fuppoling there were no gravity at all in either of 
the fluids, or that the contained and containing were of the fame weight , 
would be equally compreft into an exadly fpherical body ( the ambient 
fluid forcing equally againfl: every fide of it. ) But fuppofing either a 
greater gravity in the included, by reafon whereof the parts of it being 
prefl from A towards B, and thereby the whole put into motion, and 
that motion being kindred by the refiftance of the fubjacent parts of the 
ambient, the globular Figure A D B C will be deprefl into the Elliptico- 
jpherical, E G F H. For the fide A is detruded to E byth e Gravity, and 
B to F by the refiftance of the iubjacent medium: and therefore C muff 
neceflarily be thrufi: to G, and D to H. Or elfe, fuppofing a greater gravi¬ 
ty in the ambient, by whole more then ordinary preflure again!]: the under 
fide of the included globule; B will be forced to F , and by its refiftance of 
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the motion upwards , the fide A will be deprefi to £, and therefore C being 
thrufi: to G and D to H$ the globular Figure by this means alio will be 
made an EllipttcofphericaL Next if a fluid be included/>4rf/y with one, 
and partly with another fluid, it will be found to be (haped diverfly , ac- 
cording to the proportion of the gravity and incongruity of the 5 fluids 
one to another : As in the fecond Figure , let the upper M MM be Air, the 
middle L M N 0 be common Oyl, the lower OOO be Water , the Oyl 
will be form’d;, not into a Jpherical Figure , fuchas is reprefented by the 
pricked Line, but into fuch a Figure as LM N O, whole fide L M N 
will be of a flatter Elliptic alEigwxe, by reafon of the great difproportion 
between the Gravity of Oyl and Air, and the fide L O M of a rounder, 
becaufe of the (mailer difference between the weight of Oyl and Water . 
Laftly,Th eglobular Figure will be changed,if the ambient be partly fluid 
and partly folid. And here the termination of the incompafled fluid to¬ 
wards the incompafling is fhap’d according to the proportion of the con¬ 
gruity or incongruity of the fluids to the filids , and of the gravity and 
incongruity of the fluids one to another. As fuppofe the fob jacent me - 
flium that hinders an included fluids de(cent 3 be a folid , as let K. I, in the 
fourth Figure , reprefent the fmooth luperficies of a Table 5 E G F H, a 
parcel of running Mercury , the fide G F H will be more flatted , ac¬ 
cording to the proportion of the incongruity of the Mercury and Air to 
the Woodland of the gravity of Mercury and Air one to another 5 The fide 
G E H will likewise be a little more deprefi: by reafon the fubjacent 
parts are now at reft,which were before in motion. 

Or further in the third Figure, let A I L D reprefent an including fo¬ 
lid medium of a cylindrical (hape ( as fuppofe a fmall Clafs Jar ) Let 
F G E M M reprefent a contain’d fluid , as water 5 this towards the bot¬ 
tom and fides, is figured according to the concavity of the Glafs : But its 
upper Surface, ( which by reafon of its gravity, ( not confidering at all 
the Air above it, and fo neither the congruity or incongruity of cither of 
them to the Glafs) (hould be terminated by part of a Sphere whofe dia¬ 
meter (hould be the fame with that of the earth, which to our fenfe would 
appear a ftraight Line , as F G E, Or which by reafon of its having a 
greater congruity to Glafs than Air has, ( not confidering its Gravity ) 
would be thrufi: into a concave Sphere , as C H B, whofe diameter would 
be the fame with that of the concavity of the Veflel :) Its upper Surface, 
I lay, by reafon of its having a greater gravity then the Air, and having 
likewile a greater congruity to Glals then the Air has, is terminated, by a 
concave Elliptico-Jpherical Figure, as C K B. For by its congruity it eafily 
conforms itfolf, and adheres to the Glafs, and confiitutes as it were one 
containing body with it, and therefore (hould thrufi: the contained Air on 
that fide it touches it,into a foherical Figure, as B H C, but the motion of 
Gravity deprefling a little the Corners B and C, reduces it into the afore- 
laid Figure C K B. Now that it is the greater congruity of one of the 
two contiguous fluids ,then of the othcr,to the containing folid, that caufes 
the feparating furfaces to be thus or thus figured: And that it is not be- 
caufe this or that figurated furface is more proper, natural, or peculiar to 
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one of thefe fluid bodieS,then to the other,will appear from this^ that the 
fame fluids will by being put into differing folids , change their Jurfacef. 

For the lame water , which in a Glafs or wooden Veflel will have a con¬ 
cave furface upwards,and will rife higher in a finaller then a greater Pipe, 
the fame water, I lay, in the fame Pipes greafed over or oyled, will pro¬ 
duce quite contrary effefrs} for it will have a protuberant an ^convex fur- 
face upwards, and will not rife fo high in finall, as in bigger Pipes: Nay, 
in the very lame lolid Veflel, you may make the very fame twb contigu¬ 
ous Liquids to ulter their Surfaces $ for taking a finall Wine~glafs,or fuch. 
like Veflel, and pouring water gently into it, youlhall perceive the fir- 
face of the v/ater all the way concave , till it rife even'with the top, when 
you fhallfind it fif you gently and carefully pour in more) to grow 
very protuberant and convex $ the reafonof which is plain, for that the 
folid fides of the containing body are no longer extended , to which the 
water does more readily adhere then the air, but it is henceforth to be * 
included with air, which would reduce it into a hemifphere , but by realbn 
of its gravity , it is flatted into an Oval Quicksilver alfo which to Glafs 
is more incongruous then Air ( and thereby being put into a Glafs-pipe 6 
will not adhere to it, but by the more congruous air will be forced to have 
a very protuberant furface , • and to rife higher in a greater then a lefler 
Pipe ) this Quicksilver to clean Metal , efpecially to Gold^Silverflin.Lead^ 

See. Iron excepted,is more congruous then Air , and will not only flick to 
it,but have a concave Surface like water , and rife higher in a lefs, then in a 
greater Pipe. 

In all thefe Examples it is evident, that there is an extraordinary and 
adventitious force 0 by which the globular Figure of the Contained hetero± 
geneous fluid is altered} neither can it be imagined, how it fhould other- 
wife be of any other F igure then Globular : For being by the heterogene* 
ous fluid equally protruded every way,whatlbever part is protuberant, will 
be thereby deprefl. From thiscaufeit is, that in its eftedts it does very 
much refemble a round Spring (Tuch as a Hoop.) For as in a round Spring 
there is required an additional prefure againft two oppofite lides, to re¬ 
duce it into an Oval Form, or to force it in between the fides of a Hole , 
whofe Diameter is lefs then that of the Springy there muft be a confidera- 
ble force or protrujion againft the concave or inner fide of the Spring ^ So 
to alter this fpherical conftituticn of an included fluid body , there is re¬ 
quired more prefliire againft oppofite fides to reduce it into an Oval 3 and, 
to prefs it into an Hole lefs in Diameter then it felf, it requires a greater pro- 
truflon againft all the other fides. What degrees of force are requifite 
to reduce them into longer and longer Ovals , or to prefs them into lels 
and lefs holes> I have not yet experimentally calculated 5 but thus much 
by experiment I find in general, that there is alwayes required a greater 
prefliire to clofe them into longer Ovals , or pfotude them into finaller 
holes. The neceftity and realbn of this, were it requifite,! could eafily ex¬ 
plain : but being not 1b necefiary, and requiring more room and time 
then I have for it at prefent, I (hall here omit it 5 and proceed to fhew, 
that this may be prefently found true, if Experiment be made with a 
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round Spring ( the way of making which trials is obvious enough. ) And 
with the fluid bodies of Mercury, Air , &c , the way of trying which, will 
be fomewhat more difficult} and therefore I ffiall in brief defcribe it. He 
therefore that would try with Air , muft firffc be provided of a Clafs-pipe , 
made of the (hape of that in the fifth Figure , whereof the fide A B, re- 
prefents a ftraight Tube of about three foot long, C,reprefents another 
part of it,which confifts of a round Bubble 5 fo ordered ,that there is left a 
pajjage or hole at the top, into which may be faftened with cement feveral 
fmall Pipes of determinate cylindrical cavities: as let the hollow of 

X -1 

4 

X 

6 

X 

» 

l of an inch. 

i 16 

L. i 4 

M. J f, 

&C-— v j 

There may be added as many more, as the Experimenter fhall think fit, 
with holes continually decreafing by known quantities, fo far as his fenfes 
are able to help him 5 I fay, fo far, becaufe there may be made Pipes fb 
fmall that it will be impoftible to perceive the perforation with ones na¬ 
ked eye,though by the help of a Microfcope , it may eafily enough be per¬ 
ceived : Nay, I have made a Pipe perforated from end to end, fo fmall, 
that with my naked eye I could very hardly fee the body of it, infomuch 
that I have been able to knit it up into a knot without breaking : And 
more accurately examining one with my Microfcope , I found it not fb big 
as a fixteenth part of one of the fmaller hairs of my head which was of 
the fmaller and finer fort of hair, fb that fixteen of thefe Pipes bound fag¬ 
got-wife together, would but have equalized one Angle hair , how fmall 
therefore muft its perforation be } It appearing to me through the Micro- 
fcope to be a proportionably thickfided Pipe. 

To proceed then, for the trial of the Experiment, the Experimenter 
muft place the Tube A B, perpendicular, and fill the Pipe F ( cemented in¬ 
to the hole E ) with water, but leave the bubble C full of Air , and then 
gently pouring in water into the Pipe A B, he muft obferve diligently 
how high the water will rife in it before it protrude the bubble of Air C, 
through the narrow paflage of F, and denote exaftly the height of the 
Cylinder of water, then cementing in a fecond Pipe as G, and filling it 
with water 5 he may proceed as with the former, denoting likewife the 
height of the Cylinder of water, able to protrude the bubble C through 
the paflage of G, the like may he do with the next Pipe, and the next,e> v c. 
as far as he is able: then comparing the feveral heights of the Cylinders, 
with the feveral holes through which each Cylinder did force the air (" ha¬ 
ving due regard to the Cylinders of water in the fmall Tubes) it will be 
very eafie to determine, what force is requifite to prefs the Air in¬ 
to fuch and fuch* hole> or (to apply it to ourprefent experiment^ 
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how much of the p refill re of the Air is taken off by its ingrefs into final- 
let and fmaller holes. From the application of which to the entring of 
the Air into the bigger hole of th eFeffel, and into the fmaller hole of the 
Pipe, we (hall clearly find;, that there is a greater preflure of the air upoh 
the water in the Vejjel or greater pipe, then there is upon that in the lefler 
pipe: For fincethe preflure of the air every way is found to be equal, 
that is, as much as is able to prels up and fuffain a Cylinder of Quicksilver 
of two foot and a half high, or thereabouts, And fince of this preflure 
fo many more degrees are required to force the Air into a fmaller then 
into a greater hole that is full of a more congruous fluid. Andlaftly, 
fince thofe degrees that are requilite to prels it in, are thereby taken off 
from the Air within, and the Air within left with fo many degrees df 
preflure lefs then the Air without 5 it will follow, that the Air in the lefs 
Tube or pipe , will have lefs preflure againft the fuperficies of the water 
therein, then the Air in the bigger: which was the minor Propofltion to 
be proved. 

The Conclufion therefore will necefiarily follow, viz. That this une¬ 
qual preflure of the Air caufed by its ingrefl into unequal holes, is a caufe Jujfi - 
cient to produce this effeCl , without the help of any other concurrent and 
therefore is probably the principal (if not the only) caufe of thefe Ph<eno* 

/ nena . 

This therefore being thus explained, there will be divers Phenomena 
explicable thereby, as, the rifing of Liquors in a Filtre, the rifing of Spirit 
of Wine, Oyl } melted Tallow, &c. in the Weel ^ of a La?np , ( though made 
of final 1 Wire , Threeds of Asbeflus, Strings of Glafs , or the like ) the rifing 
of Liquors in a Spunge, piece of Bread,Sand, &c. perhaps alfo the amend¬ 
ing of the Sap in Trees and Plants, through their fmall, and fome of them 
imperceptible pores, (of which I have faid more, on another occalion ) at 
lead: the palling of it out of the earth into their roots. And indeed up¬ 
on the consideration of this Principle, multitudes of other ufes of it oc- 
curr’d tome, which I have not yetfo well examined and digefled as to 
propound for Axioms, but only as Queries and. Conjectures which may 
ferve as hints toward fome further difeoveries . 

As firfi. Upon the consideration of the congruity and incongruity of Bo¬ 
dies,as to touch, I found alfo the like congruity and incongruity (if I may 
fo fpeak ) as to the Lravfmitting of the Rates of Light: For as in this re¬ 
gard, water ( not now to mention other Liquors) feems nearer of affini¬ 
ty to Glafs then ^/>,and Air then Quicksilver : whence an oblique Ray out 
of Glafs , will pafs into water with very little refraCtion from th eperpendi¬ 
cular, but none out of Glafs into Air , excepting a direCt, will pafs without 
a very great refraction from the perpendicular, nay any oblique Ray un¬ 
der thirty degrees, will not be admitted into the Air at all. And Quick: 
fiver will neither admit oblique or diredt, but refledts all 5 feeming, as to 
the'tranfmitting of the Raies of Light, to be of a quite differing confti- 
tution,from that of Air JVater .Glafs, &c. and to refemble mofl thofe opab 
cous and flrong refledting bodies of Metals: So alfo as to the property of 
cohefion or congruity, Water feems to keep the fame order, being 
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more congruous to Glafs then Air, and Air then Quickfilver* 

A Second thing ( which was hinted to me, by the confederation of the 
included fluids globular form , caufed by the protrufion of the ambient 
heterogeneous fluid ) was, whether the Phenomena of gravity might not 
by this means be explained,by fuppofing the Globe of Earth, Water, and 
Air to be included with a fluid > heterogeneous to all and each of them, 
fo fubtil, as not only to be every where inter]}erfed through the Air, (or 
rather the air through it ) but to pervade the bodies of Glafs , and even 
the clofeft Metals , by which means it may endeavour to detrude all earth¬ 
ly bodies as far from it as it can 5 and partly thereby,and partly by other 
of its properties may move them towards the Center of the Earth. Now 
that there is fbme fuch fluid,I could produce many Experiments and Rea^ 
Ions, that do feem to prove it: But becaufe it would ask fome time and 
room to let them down and explain them, and to confider and anfwer all 
the Obje&ions ("many whereof I forefee ) that may bealledged againft 
it 5 I fhall at prefent proceed to other ,g«er/e/,contenting my felf to have 
here only given a hint of what I may fay more elfwhere. 

A Third Query then was , Whether the heterogeneity of the ambient 
fluid may not be accounted a fecobdary caufe of the roundnefs or globular 
form of th egreater bodies of the world,fuch as are thofe of the Sun^Stars^ 
and Planets , the fitbflance of each of which feems altogether heterogene¬ 
ous to the circum-ambient fluid dither ) And of this I fhall fay more in the 
Obferv.ation of the Moon. 

A Fourth was, Whether the globular form of the fmaller parcels of 
matter here upon the Earthy as that of Fruits , Pebbles , or Flints , &c. 
( which feem to have been a Liquor at fir A: ) may not be caufed by the 
heterogeneous ambient fluid . For thus we fee that melted Glafs will be 
naturally formed into a round Figure 3 fo likewife any fmall Parcel of any 
fnflble body , if it be perfectly enclofed by the Air , will be driven into a 
globular Form .5 and,when cold, will be found a Jolid Ball. This is plainly 
enough manifefted to us by their way of making Jhot with the drops of 
Lead 3 which being a very pretty curiofity^nd known but to a very few, 
and having the liberty of publifhing it granted me, by that Eminent Vir- 
tuofo Sir Robert Moray , who brought in this Account of it to the Royal So¬ 
ciety , I have here tranferibed and inferred. 

- ? i ■-' ■ 1 -- * - ' 

To make fmall (hot of different fizes ; Communicated by his 
Highnefs P. R. 

T Ake Lead out of the Pig what quantity you pleafe, melt it down , 
ftir and clear it with an iron Ladle , gathering together the 
blackijh parts that fwim at top like fcum 7 and when you fee the co¬ 
lour of the clear Lead to be greenijfjjout no fooner^flrew upon it Auri- 
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pigmentum powdered according to the quantity of Lead, about as 
much as will lye upon a half Crown piece will fervefor eighteen or 
twenty pound weight of fome forts of Lead ; others will require more, or 
lejl . After the Auripigmentum is put in, fir the Lead well , and the 
Auripigmentum will flame: when the flame vs over, take out fonte 
of the Lead in a Ladle having a lip or notch in the brim for conveni¬ 
ent pouringout of the Lead,and being well warmed amongjl the melted 
Lead, and with a flick make fome fmgle drops of Lead trickle out of 
the Ladle into water in a Glafs, which if they fall to be round and 
without tails, there is Auripigmentum enough put in, and the temper 
cf the heat is right, otherwife put in more. Then lay two bars of Iron 
( or fome more proper Iron-ool made on purpofe) upon a Pail of wai¬ 
ter,and place upon them a round Plate of Copper, of the flze and figure 
cf an ordinary large Pewter or Silver Trencher, the hollow whereof is to 
he about three inches over, the bottom lower then the brims about half 
an inch, pierced with thirty, forty, or more fmall holes', the fmaller the 
holes are, the fmaller the Jhot will be-, and the brim is to be thicker then 
thebottom,to conferve the heat the better, 

The bottom of the Trencher being fome four inches difiant frum the 
water in the Pailjay upon it fome burning Coles,to keep the Lead melt¬ 
ed upon it. Then with the hot Ladle take Lead of the Pot where it 
fiands melted, and pour it foftly upon the burning Coles over the bottom 
of the Trencher, and it willimmediately run through the holes into the 
water in fmall round drops. Thus pour on new Leadftill as fafl as 
it runs through the Trencher till all be done ; blowing now and then 
the Coles with hand-Bellows, when the Lead in the Trencher cools fo as 
to flop from running. 

Whilft one pours on the Lead, another muft, with another Ladle, 
thru fled four or five inches under water in the Pail, catch from time 
to time fome of the foot,as it drops down, to fee the flze of it, and whether 
there be any faults in it. The greatefl care is to keep the Lead upon 
the Trencher in the right degree of heat ; if it be too cool, it will not 
run through the Trencher, though it fland melted upon it ; and this is to 
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be helped by blowing the Coals a little , or pouring on new Lead that is 
hotter: but the cooler the Lead,the larger the Shot ; and the hotter,the 
[mailer ; when it vs too hot, the drops will crack, and fly ; then you 
mufl flop pouring on new headland let it cool ; and fo long atyou ob- 
ferve the right temper of the heat, the Lead will conjlantly drop into very 
round Shot, without fo much as one with a tail in many pounds. 

When all is done, take your Shot out of the Pail of water, and put it 
in a Frying-pan over the fire to dry them , which mufl be done warily, 
fill [baking them that they melt not; and when they are dry you may 
feparate the [mall from the great, in Pearl Sives made of Copper or 
Lattin let into one another, into as many fizes as you pleafe. But if 
you would have your Shot larger then the Trencher makes them , you 
may do it with a Stick , making them trickle out of the Ladle, as hath 
been [aid. 

If theTrencher bebuttoucht a very little when the Lead flops from 
going through it, and be not too cool ft will drop again, but it is better 
not to touch it at all. At the melting of the Lead take care that there 
be no kind of Oyl, Greafe, or the like, upon the Pots, or Ladles,or Tren¬ 
cher. ' • 

The Chief caufe of this Globular Figure of the Shot, feems to be the 
Auripigmentum; for, as foon as it is put in among the melted Lead, 
itlofesits fljining brightnefs, contracting inflantly a grayifb film or 
skin upon it, when you fcum it to make it clean with the Ladle. So 
that when the Air comes at the falling dr op of the melted Lead, that 
skfn conflriUts them every where equally: but upon what account, and 
whether this be the true caufe, is left to further difquifltion. 

Much after this fame manner, when the Airis exceeding cold through 
which it pafles, do we find the drops of Rain, filling from the Clouds, 
congealed into round Hail-ftonesby the freezing Ambient. 

To which may be added this other known Experiment, That if you 
gently let fall a drop of water upon fmall [and or dift, you diall find, as it 
Were, an artificial round ftone quickly generated. I cannot upon this oc- 
cafion omit the mentioning of the ftrange kind of Grain , which I have 
oblerved in a ftone brought from Kettering in Northawptonjhire^and there¬ 
fore called by Mafons Kettering-Stone , of which fee the Defcription. 

Which 
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Which brings into niy mihd what I long fince obferved in the fiery Sparks 
that are ft ruck out of a Steel. For having a great defire to lee what was 
left behind, alter the Spark was gone out, I purpofely ftruck fire Over a 
very white piece of Paper, and obferving diligently where fome confpi- 
cuous fparks went out, I found a very little black fpot no bigger then 
the point of a Pin, which through a Microjcope appeared to be a perfect¬ 
ly round Ball, looking much like a polilht ball of Steely inlomuch that 
I was able to fee the Image of the window reflected from it. I cannot 
hereftay ( having done it more fully in another place ) to examine the 
particular Realchs of it, but lhall only hint, that I imagine it to be lome 
fmall parcel of the Steel, which by the violence of the motion of the 
ftroke ( moft of which feeins to be impreft upon thofe fmall parcels ) is 
made fo glowing hot, that it is melted into a Vitrum , which by the ambi¬ 
ent Air is thruft into the form of a Ball. 

A Fifth thing Which I thought worth Examination was. Whether the 
motion of all kind of Springs, might not be reduced to the Principle 
whereby the included heterogeneous fluid (ce ms to be moved 5 or to that 
whereby two Solids, as Marbles, or the like,are thruft arid kept together 
by the ambient fluid. 

A Sixth thing was,Whet;her the Rifing and Ebullition of the Water out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it feems to be derived) 
may not be explicated by the riling of Water in a Imaller Pipe „* For the 
Sea-water being drained through the Pores or Crannies of the Earth, is, 
as it were, included in little Pipes, where the prefliire of the Air has not 
fo great a power to refill its rifing: But examining this way, and finding 
in itfeveral difficulties almoft irremovable,, I thought upon away that 
would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glals-Tube, of the form of that 
delcribed in the fixth Figure, and chilling two heterogeneous fluids , iuchi 
as Water and Oyl, I poured in as much Water as filled up the Pipes as 
high as A B, then putting in fome Oyl into the Tube AC, I depreft the 
fuperficies A of the Water to E, andB I railed to G, which was not lb 
high perpendicularly asthefuperficies of the Oyl F, by the fpace F I, 
wherefore the proportion of the gravity of thele two Liquors was as 
GHtoFE. 

This Experiment I tried with feveral other Liquofs, and particularly 
with frefh Water and Salt ( which I made by diflolving Salt in warm 
Water) which two though they are nothing heterogeneous, yet before 
they would perfe&ly mix one with another, I made trial of the Experi¬ 
ment .* Nay, letting the Tube wherein I tried the Experiment remain for 
many dayes, I obferved them not to mix , but the fuperficies of the frefh 
was rather more then lcfs elevated above that of the Salt. Now the 
proportion of the gravity of Sea-water, to that of River-water, accord¬ 
ing to Stevinus and Varenius , and as I have fince found pretty true by 
making trial my felf, is as 46. to 45. that is, 46. Ounces of the lalt Wa- 
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ter will take up no more room then 45. of the frefh. Or reciprocally 
45 pints of falt-water weigh as much as 46 of frelh. 

But I found the proportion of Brine to frefh Water to be near 13 to 12: 
Suppofing therefore GHMto reprefent the Sea, and F I the height of 
the Mountain above the Superficies of the Sea, F M a Cavern in the 
Earth, beginning at the bottom of the Sea, and terminated at the top of 
the Mountain, L M the Sand at the bottom, through which the Water 
is as it were {trained , fo as that the frefher parts are only permitted to 
tranfude,and thefaline kept back $ if therefore the proportion of G M 
to F M be as 45 to 46, then may the Cylinder of Salt-water G M make 
the Cylinder of Frefh-water to rife as high as E, and to run over at N. 
I cannot here ftand to examine or confute their Opinion , who make the 
depth of the Sea, below its Superficies, to be no more perpendicularly 
meafured then the height of the Mountains above it: Tis enough for 
me to fay, there is no one of thofe that have aflerted it, have experimen¬ 
tally known the perpendicular of either 5 nor fhall I here determinc,whe- 
ther there may not be many other caufes of the reparation of the frefh 
water from the fait, as perhaps feme parts of the Earth through which it 
is to pals, may contain a Salt, that mixing and uniting with the Sea-falt, 
may precipitate it 5 much after the fame manner as the Alkalizate and 
Acid Salts mix and precipitate each other in the preparation of 7 art a - 
mm Vitriolatum. I know not alfo whether the exceeding cold (that 
muft neceflarily be ) at the bottom of the Water, may not help towards 
this feparation , for we find , that warm Water is able to diflolve and 
contain more Salt, then the fame cold 5 infomuch that Brines ftrongly 
impregnated by heat, if let cool, dofuffer much of their Salt tofiibfide 
and cryftallize about the bottom and fides. I know not alfo whether 
the exceeding prefliire of the parts of the Water one againft another, 
may not keep the Salt from defeending to the very bottom, as finding 
little or no room to infert it felf between thofe parts, protruded fb vio¬ 
lently together , or elfe fqueeze it upwads into the fuperiour parts of the 
Sea, where it may more eafily obtain room for it felf, amongft the parts 
of the Water , by reafon that there is more heat and lefs prefliire. To 
this Opinion I was fomewhat the more induced by the relations I have 
met with in Geographical Writers , of drawing frefh Water from the bot¬ 
tom of the Sea , which is flilt above. I cannot now hand to examine, 
whether this natural perpetual motion may not artificially be imitated : 
Nor can I Hand to anfwer the Objections which may be made againft this 
my Suppofition: As, Firft, How it comes to pafs.that there are fometimes 
fait Springs much higher then the Superficies of the Water ? And, Se¬ 
condly,Why Springs do not run fatter and flower, according to the vary¬ 
ing height made of the Cylinder of Sea-water, by the ebbing and flow¬ 
ing of the Sea ? 

As to the Firft, Infhort, I fay, the frefh Water may receive again a. 
faline Tincture near the Superficies of the Earth, by patting through 
fomefalt-Mtfe/, or elfe many of the faline parts of the Sea may be kept 
back, though not all. 
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And as to the Second , The lame Spring may be fed and fupplyed by 
divers Caverns , coming from very far diftant parts of the Sea , fo as that 
it may in one place be high , in another low water $ and fo by that means 
the Spring may be equally fupply’d at all times. Or elfe the Cavern may 
be fo ftraight and narrow, that the water not having fo ready and free 

E aflage through it., cannot upon fo fhort and quick mutations of preflure, 
e able to produce any fenfible efFed at fuch a diftance. Befides that, 
to confirm this hypothecs , there are many Examples found in Natural Hijlo- 
rianspi Springs that do ebb and flow like the Sea : As particularly,thole 
recorded by the Learned Camden , and after him by Speedy to be found in 
tKisIJland: One of which,they relate to be on the Top of a Mountain, 
by the fmall Village Kilken in Flintflhire , Maris <emulvs quijlatis tempo * 
nbus Juasevomit & reforbct Aquas 5 Which at certain times rifoth and 
falleth after the manner of the Sea. A Second in CaermardenJ1?ire b 
near Caermarden , at a place called Cantred Bichan 5 Qui ( ut fcribit Gi- 
raldus) naturali die bis undis deficiens , & toties exuberans , marinas 
imitatur injlabilitates 5 That twice in four and twenty hours ebbing and 
flowing, refembleth the unftable motions of the Sea. The Vh<enomena. 
of which two may be eafily made out, by fuppofing the Cavern , by which 
they are fed , to arife from the bottom of the next Sea. A Third, is a 
Well upon the River Ogrnore in Glamorganshire , and near unto Newton , of 
which Camden relates himfelf to be certified,by a Letter from a Learned 
Friend of his that obferved it, Fons abejl hinc , &c. The Letter is a little 
too long to be inforted,but the fubftance is this 5 That this Weil ebbs and 
flows quite contrary to the flowing and ebbing of the Sea in thole parts: 
for Tis almoft empty at Full Sea, but full at Low water. This may hap¬ 
pen from the Channel by which it is fupplied , which may come from the 
bottom of a Sea very remote from thofe parts, and where the Tides are 
much differing from thofe of the approximate fhores. A Fourth, lies in 
Wejlmorland , near the River Leder 5 Qni injlar Euripi fapius in die reci - 
procantibus undis fluit & refluit , which ebbs and flows many times a day* 
This may proceed from its being fupplyed from many Channels, coming 
from feveral parts of the Sea, lying lufficiently diftant afunder to have the 
times of High-water differing enough one from the other 5 fo as that 
whenfoever it fhall be High water over any of thofe places, where thefo 
Channels begin, it (hall likewife be fo in the Well , but this is but a fuppo- 
fition. 

A Seventh Query was. Whether the dijjbtntion or mixing of feveral bo¬ 
dies, whether fluid or folid,with laline or other Liquors,might not partly 
be attributed to this Principle of the congruity of thofe bodies and their 
difiolvents ? As of Salt in Water,Metals in feveral Menjlruums , Un&uous 
Gums in Oyls, the mixing of Wine and Water, And whether preci¬ 
pitation be not partly made from the lame Principle of Incongruity ? I 
fay partly , becaule there are in fome Dili 61 utions,fome other Caufes con¬ 
current. 

I fhall laftly make a much more feemingly ftrange and unlikely Query $ 
and that is, Whether this Principle, well examined and explained, may 
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not be found a co-efpcient in the moft confiderable Operations of Na¬ 
ture } As in thofe of Heat, and Light,and confequently.of Rarefaction and 
Condenfation, Hardncfs, and Fluidnefs, Verfpicuity and Opacoujhefs,Refracti¬ 
ons and Colours , &c. Nay,I know not whether there may be many things 
done in Nature,in which this may not ( be faid to ) have a Finger ? This 
I have in fome other pafiages of this Treadle further enquired into and 
fhewn, that as well Light as Heat may be caufed by corrofion,w hich is ap¬ 
plicable to congruity, and confequently all the reft will be but fitbfcquents: 
In the mean time I would not willingly be guilty of that Error, which the 
thrice Noble and Learned Verulam juftly takes notice of, as fuch,and calls 
Thilofophi£ Genus Empiricum, quodinpaucorum Experimentorutn Anguflijs 
& Obfcuritate fundatum efi. For I neither conclude from one (ingle Expe- 
riment,nor are the Experiments I make ufe of all made upon one Subjeft : 
Nor wreft I any Experiment to make it quadrare with any preconceiv’d 
Notion. But on the contrary, I endeavour to be converfant in divers 
kinds of Experiments, and all and every one of thole Trials, I make the 
Standards or Touchftones, by which I try all my former Notions, whether 
they hold out in weight, and meafure,and touch, &c. For as that Body is 
no other then a Counterfeit Gold, which wants any one of the Proprie¬ 
ties of Gold, ( fuch as are the Malleablenels, Weight, Colour, Fixtnels 
in the Fire,Indiflolublenels in Aqua fortis, and the like ) though it has ail 
the other 3 fo will all thofe Notions be found to be falfe and deceitful, 
that will not undergo all the Trials and Tefts made of them by Experi¬ 
ments. And therefore fuch as will not come up to the defired Apex of 
Perfetftion, I rather wholly re je<ft and take new, then by piecing and 
patching,endeavour to retain the old,as knowing luch things at beft to be 
but lame and imperfeft. And this courle I learned from Nature 5 whom 
we find neglectful of the old Body, and Buffering its Decaies and Infirmi¬ 
ties to remain without repair . and altogether follicitous and careful of 
perpetuating the Species by new Individuals . And it is certainly the moft 
likely way to eredt a glorious Stru&ure and Temple to Nature, (uch as (lie 
will be found ( by any zealous Votary ) to refide in 3 to begin to build a 
new upon a fure Foundation of Experiments. 

But to digrefs no further from the confideration of the Thanomeua, 
more immediately explicable by this Experiment, we fhall proceed to 
(hew. That, as to the riling of Water in a Filtre, the realon of it will be 
manifeft to him,that docs take notice,that a Filtre is conftituted of a great 
number of (mall long folid bodies, which lie fo dole together, that the 
Air in its getting in between them, doth lofe of its prefiure that it has a- 
gainftthe Fluid without them, by which means the Water or Liquor not 
finding (o ftrong a refiftance between them as is able to counter-ballance 
the prefiure on itsTuperficies without, is raifed upward, till it meet with a 
prefiure of the Air which is able to hinder it. And as to the Rifing of 
Oyl, melted Tallow, Spirit of Wine,' &c . in the Week of a Candle or 
Lamp, it is evident, that it differs in nothing from the former, fave only 
in this, that in a Filtre the Liquor ddeends and runs away by another 
part 3 .and in the Week* the Liquor is diiperfcd and carried away by the 
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Flame 5 fomething there is afcribable to the Heat , for that it may rarifie 
the more volatil and fpirituous parts of thofe combudible Liquors, and lb 
being made lighter then the Air 3 it may be protruded upwards by that 
more ponderous fluid body in the Form of Vapours, but this can be 
afcribed to the afcenlion of but a very little 3 and mod likely of that on¬ 
ly which afcends without the Week. As for the Riling of it in a Spunge, 
Bread 3 Cotton ; d°c. above the (uperficies of the fubjacent Liquor 5 what 
has been faid about the Filtre ( if conlidered ) will eafily fugged: a 
reafon , confidering that all thefe bodies abound with fmall holes or 
pores. 

From this fame Principle alio ( viz, the unequal prejfure of the Air a - 
gainft the unequal fuperficies of the water ) proceeds the cattle of the ac- 
cefiion or incurfion of any floating body againd the (ides of the con¬ 
taining Vefiel 3 or the appropinquate on of two floating bodies., as Bubbles, 
Corks , Stick*> Straws , &c. one towards another. As for indance, Take 
a Glad-jar, fuch as A B in the feventh Figure , and filling it pretty near the 
top with water 3 throw into it a fmall round piece of Cork 5 as C, and 
plunge it all over in water , that it be wet 3 fo as that the water may rile 
up by the fides of it 3 then placing it any where upon the fuperficies 3 about 
an inch 3 or one inch and a quarter from any lide 3 and you (hall perceive it 
by degrees to make perpendicularly toward the neared part of the fide, 
and the nearer it approaches 3 the fader to be moved 5 the reafon of 
which Phenomenon will be found no other then this 3 that the Air has a 
greater prediire againd the middle of the fuperficies , then it has againd 
thofe parts that approach nearer 3 and are contiguom to the lides. Now 
that the predure is greater 3 may ( asllhewed before in the explication 
of the third Figure ) be evinced from the flatting of the water in the 
middle 3 which arifes from the gravity of the under fluid : for dnce 3 as I 
(hewed before,if there were no gravity in the under fluids or that it were 
equal to that of the upper 3 the terminating Surface would be spherical^ 
and lince it is the additional predure of the gravity of water that makes 
it lo fkt,it follows;, that the predure upon the middle mud be greater then 
towards the fides. Hence the Ball having a dronger prediire againd that 
fide of it which relpeCts the middle of the fuperficies , then againd that 
which refpedts the approximate fide , mud necefiarily move towards that 
part, from whence it finds lead refidance, and fo be accelerated^ as the re- 
lidance decreales. Hence the more the water is railed under that part 
of its way it is palling above the middle, the fader it is moved : And 
therefore you will find it to move fader in E then in D, and in D then 
in C. Neither could I find the Boating fubdance to be moved at all, un¬ 
til it were placed uponlome part of the Superficies that was fenlibly ele¬ 
vated above the height of the middle part. Now that this may be the 
true caufe, you may try with a blown Bladder, and an exaftly round Ball 
upon a very fmooth fide of fome pliable body , as Horn or Quicksilver „■ 
For if the Ball be placed under apart of the Bladder which is upon one 
fide of the middle of its predure , and you prefs drongly againd the 
Bladder 3 you (hall find the Ball moved from the middle towards the fides. 

Having 
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Having therefore {hewn the reafon of the motion of any float towards 
the (ides, the reafon of the incurfion of any two floating bodies will cafi- 
ly appear: For the riling of the water againfl the iides of either of 
themes an Argument fufficient,to (hew the preflure of the Air to be there 
lefs,then it is further from it,where it is not fo much elevated 5 and there¬ 
fore the reafon of the motion of the other toward it , will be the lame as 
towards the fide of the Glafs 3 only here from the lame reafon, they are 
mutually moved toward each other , whereas the fide of the Glals in the 
former remains fixt. If alfo you gently fill the Jar fo full with water, 
that the v/ater i sprotuberant above the fides, the fame piece of Cork that 
before did haften towards the fides , does now fly from it as fall towards 
the middle of the Superficies 3 the reafon of which will be found no o- 
ther then this, that the preflure of the Air is fironger againfl: the fides of 
the Superficies G and H, then againfl the middle 13 for fince, as I fhewed 
before, the Principle of congruity would make the terminating Surface 
Spherical, and that the flatting of the Surface in the middle is from the 
abatement of the waters preflure outwards, by the contrary indeavour 
of its gravity 3 it follows that the preflure in the middle muft be lefs then 
on the fides 3 and therefore the confecution will be the fame as in the 
former. It is very odd to one that conliders not the reafon of it, to fee 
two floating bodies of wood to approach each other,as though they were 
indued with fome magnetical vigour 3 which brings into my mind what I 
formerly tried with a piece of Cork or fuch like body, which I fo order¬ 
ed, that by putting a little flick into the fame water, one part of the faid 
Cork would approach and make toward the flick, whereas another 
would difoede and fly away,nay it would have a kind of verticity, fo as 
that if the Equator ( as I may fo fpeak ) cf the Cork were placed to¬ 
wards the flick, if let alone, it would inftantly turn its appropriate Pole 
toward it, and then run a-tilt at it:and this was done only by taking a dry 
Cork, and wetting one fide of it with one fmall flroak 3 for by this means 
gently putting it upon the water, it would deprefs the fuperficies on eve¬ 
ry fide of it that was dry, and therefore the greatefl preflure of the Air, 
being near thofe fides caufed it either to chafe away,or elfe to fly off from 
any other floating body, whereas that fide only, againfl which the water 
afcended,was thereby able toattraft. 

It remains only, that I fhould determine how high the Water or other 
Liquor may by this means be raifed in a fmaller Pipe above the Superfi¬ 
cies of that without it, and at what height it may be fuftained; But to 
determine this, will be exceeding difficult, unlefs I could certainly know 
how much of the Airs preflure is taken off by the fmalnefs of fuch and 
fuch a Pipe,and whether it may be wholly taken off,that is,whether there 
can be a hole or pore fo fmall, into which Air could not at all enter, 
though water might with its whole force 3 for were there fuch , ’tis mani- 
feft, that the water might rife in it to fome five or fix and thirty Englifh 
Foot high. I know not whether the capillary Pipes in the bodies of fmall 
Trees, which we call their Alicrojcopical pores, may not be fuch 3 and whe¬ 
ther the congruity of the fides of the Pore may not yet draw the juyee 
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even higher then the Air was able by, its bare prefliire to raifo it r For,, 
Congruity is a principle that not only unites and hold f s a body joyned to 
it, but, which is more, attraCte and dravv^a body that is very nea^it, an<^( 
holds it above, its ufual height. t 

And this is obvious even fo a drop of vyater fufpended under any Si¬ 
milar or Congruous bocly : Fpr,befides the ambient preffure that h^lps to 
keep it fuftein d, there is the Congruity of the bpdies that are contigu¬ 
ous. This is yet more eyid;ent in Tenacious and. Glutinous bodies 5, fuch 
as Gummous Liquors, Syrups, Pitch, and Rofin melted; &c. Tar, Tur¬ 
pentine, Balfom, Bird-lime, &c. for there it is evident, that theIparts 
of the tenacious body, as I may fo call it, do (tick and adhere fo cfofe- 
ly together, that though drawn out into long and very (lender Cylin¬ 
ders, yet they will not eafily relinquifh one another, and this, though 
the bodies be aliquatemts R uid, and in motion by one another 5 which, 
to fuch as confider a fluid body only as its parts are in a confufed irregiy- 
lar motion, without taking in alio the congrfoty of the parts one among 
another, and incongruity to fome other bodies, does appear qot alittle 
(trange. So that befides the incongruity of the ambient fluid to it, we 
are to confider alfo the congruity of the parts of the contein d fluid oqe 
with another. 

And this Congruity ("that I may here a littlp further explain it J is both 
a Tenaceous and an AttraCiive power $ for the Congruity, in the Vjf 
brative motions,may be the caufe of all kind of attra&ion, not only Ele¬ 
ctrical, but Magnetical alfo, and therefore it may be alfo of Tenacity 
and Glutinoufnels. For, from a perfect congruity of the motions pf two 
diftant bodies, the intermediate fluid particles are feparated and dro- 
ven away from between them, and thereby thofe congruous bpdies are, 
by the incompafling mediums, compelfd and forced neerer together, 
wherefore that attraCrivenefs muff needs be (tronger, when, by an im¬ 
mediate contact, they are forc’d to be exactly the lame: As I (hew more 
at large in my Theory of the Magnet . And this hints tp me the reafon of 
the fufpenfion of the Mercury many inches, nay many feet, above the u(u- 
al (tation of 30 inches. For the parts of Quich-^lver^ being fo very 
fimilar and congruous to each other, if once united, will not eafily (uflfep 
a divulfion : And the parts of water, that were any wayes heterogeneous , 
being by exantlation or rarefaction exhaufted, the remaining parts being 
alfo very fimilar, will not eafily parjt neither. And the parts of the Glafi 
being (olid, are more difficultly disjoyn’d j and the water, being fome- 
what fimilar to both, is, as it were, a medium to unite both the G/aJJ and 
the Mercury together* So that all three being united, apd not very dit- 
fimilar, by means of this contaCf, if care be taken that the Tube in e- 
reCting be not (hogged, the Quicksilver will remain fufpended, notwith- 
ftanding its contrary indeavour of Gravity, a gr^at height above its or¬ 
dinary Station 5 but if this immediate ContaCi: be removed, either by a 
meer (eparation of them one from another by the force of a (hog, where¬ 
by the other becomes imbodied between them , and licks up from the 
(urface fome agil parts, and fo hurling them makes them air 5 or elle 
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byfbme ftnall heterogeneous agil part of the Water, or Air, orQuick- 
filver, which appears like a bubble, and by its jumbling to and fro there is 
tnade way for the heterogeneous JEther to obtrude it felf between the 
Glafs and either of the other Fluids, the Gravity of Mercury precipitates 
it downward with very great violence 5 and if the Veflel that holds the 
reftagnating Mercury be convenient, the Mercury will for a time vibrate to 
and fro with very large reciprocations , and at laff will remain kept up by 
the preflure of the external Air at the height of neer thirty inches. And 
Whereas it may be objeCfed, that it cannot be, that the meer imbody ing 
of the JEther between thefe bodies can be the caufe,fince the JEther ha¬ 
ving a free paffage alwayes , both through the Pores of the Glafs, and 
through thofe of the Fluids, there is no reafon why it fhould not make a 
feparation at all times whilff it remains fufpended, as when it is violently 
d if joy ned by a fhog. To this I anfwer, That though the JEther pafles 
between the Particles, that is, through the Pores of bodies, fo as that any 
chafme or feparation being made, it has infinite paflages to admit its en¬ 
try into it, yet fuch is the tenacity or attractive virtue of Congruity, that 
till it be overcome by the meer ftrength of Gravity, or by a fhog aflifting 
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi¬ 
tated by the &tber $ and thereby the parts of the congruous fubftances 
are feparated fo far afimder, that the ftrength of congruity is fo far wea- 
kened,as not to be able to reunite them, the parts to be taken hold of be¬ 
ing removed out of the attractive Sphere, as I may fo fpeak, of the con¬ 
gruity $ fuch, I fay, is the tenacity of congruity, that it retains and holds 
the almoft contiguous Particles of the Fluid, and differs them not to be 
feparated, till by meer force that attractive or retentive faculty be over¬ 
come : But the feparation being once made beyond the Sphere of the 
attractive activity of congruity, that virtue becomes of no effeCt at all, 
but the Mercury freely falls downwards till it meet with a refiftance from 
the preflure of the ambient Air, able to refift its gravity, and keep it for¬ 
ced up in the Pipe to the height of about thirty inches. 

Thus have I gently raifed a Steel pendulum by aLoadftone to a great 
Angle,till by the fhaking of my hand I have chanced to make a fepara¬ 
tion between them, which is no fooner made, but as if the Loadftone had 
retained no attractive virtue, the Pendulum moves freely from it towards 
the other fide. So vaft a difference is there between the attractive vir¬ 
tue of the Magnet when it aCts upon a contiguous and upon a disjoyned 
body: and much more muff there be between the attractive virtues of 
congruity upon a contiguous and disjoyned body 5 and in truth the attra¬ 
ctive virtue is fo little upon a body disjoyned, that though I have with a 
Microfcope obferved very diligently, whether there were any extraordi¬ 
nary protuberance on the fide of a drop of water that was exceeding neer 
to the end of a green flick, but did not touch it, I could not perceive the 
leaft 5 though I found, that as foon as ever it toucht it the whole drop 
would prefently unite it felf with it 5 fo that it feems an abfolute con- 
taCf is requifite to the exercifing of the tenacious faculty of congruity. 
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Obferv. VII. Of fome Phenomena of Glafs drops. 
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nrHefeC?/*/} are fmall [parcels of coarfegreen Glafs taken out of 
A the Pots that contain the Metal ( as they call it ) in fufion, upon the 
end of an Iron Pipe 5 and being exceeding hot, and thereby of a kind of 
fluggifh fluid Conhftence, are fuffered to drop from thence into a Bucket 
of cold Water, and in it to lye till they be grown fenfibly cold. 

Some of thefe I broke in the open air, by fnapping offa little of the 
fmall ftemf with my fingers, others by crufhing it with a fmall pair of Ply- 
ers 5 which I had no fooner done, then the whole bulk of the drof flew 
violently, with a very brisk noife, into multitudes of fmall pieces, fbme of 
which were as fmall as duff, though in fome there were remaining pieces 
pretty large,without any flaw at all,and others very much flaw’d. Which 
by rubbing between ones fingers was eafily reduced to dull 5 thefe di- 
fperfed every way fo violently , that fome of them pierced my skin, i 
could not find,either with my naked Eye,or a Microfcope , that any of the 
broken pieces were of a regular figure,nor any one like another, but for 
the moft part thofe that flaw’d off in large pieces were prettily bran¬ 
ched. 

The ends of others of thefe drops I nipt off whilft all the bodies and 
ends of them lay buried under the water,which, like the former, flew all 
to pieces with as brisk a noife, and as ftrong a motion. 

Others of thefe I tried to break, by grinding away the blunt end, and 
though I took a feemingly good one, and had ground away neer tW6 
thirds of the Ball, yet would it not fly to pieces, but now and then fbme 
fmall rings of it would fnap and fly off, not without a brisk noife and 
quick motion,leaving the Surface of the drop whence it flew very pretti¬ 
ly branched or creafed, which was eafily difcoverable by the Microfcope. 
This drop,after I had thus ground it, without at all impairing the remnant 
that was not ground away, I caufed to fly immediately all into land upon 
the nipping off the very tip of its flender end. 

Another of thefe drops I began to grind away at the fmaller end , but: 
had not worn away on the ftone above a quarter of an inch before the 
whole drop flew with a brisk crack into land or fmall duff 5 nor would 
it have held fo long , had there not been a little flaw in the piece that I 
ground away, as I afterwards found. 

Several others of thefe drops I covered over with a thin but very tuff 
skin of Icthyocolla , which being very tough and very tranfparent,was the 
moft convenient fubftance for thefe tryals that I could imagine, having 
dipt,I fay, feveral of thefe drops in this tranfparent Glue whilft hot, and 
differing them to hang by a firing tied about the end of them till they 
were cold, and the skin pretty tough 5 
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drop (leaving out only the very tip ) in fine fupple Kids-leather very 
clofely,! nipped off the fmall top, and found, as I expe&ed, that notwith- 
ftanding this skin of Glue, and the dole wrapping up in Leather, upon 
the breaking of the top, the drop gave a crack like the reft, and gave my 
hand a pretty brisk impulle: but yet the skin and leather was fo ftrOng as 
to keep the parts from flying out of their former pofture 3 and, the skin 
being tranfparent, I found that the drop retained exa&ly its former fi¬ 
gure and polilh, but was grown perfe&ly opacous and all over flaw’d, all 
thofe flaws lying in the manner of rings, from the bottom or blunt end, to 
the very top or fmall point. And by feveral examinations with a Micro* 
fcope , of feveral thus broken, I found the flaws, both within the body of 
the drop, and on the outward furface,to lye much in this order. 

Let A B in the Figure X of the fourth Scheme reprefent the drop caled 
over with lUhyocoUa or jjinglafs^nd ( by being ordered as is before pre* ' 
fcribed ) crazed or flawed into pieces, but by the skin or cafe kept in its 
former figure, and each of its flawed parts preferved exa&ly in its due 
pofture 3 the outward appearance of it lomewhat plainly to the naked 
eye, but much more conspicuous if viewed with a fmall fenfs appeared 
much after this fhape. That is, the blunt end B for a pretty breadth, 
namely,‘ as far as the Ring C C C feemed irregularly flawed with divers 
clefts, which all leemed to tend towards the Center of it, being, as I af* 
terwards found , and (hall anon Ihew in the defeription of the figure Y, 
the Bafis, as it were, of a Cone, which was terminated a little above the 
middle of the drop, all the reft of the Surface from C C C to A was 
flawed with an infinite number of fmall and parallel Rings, which as they 
were for the moft part very round , lo were they very thick and dole 
together, but were not fo exattly flaw’d as to make a perfect Ring, but 
each circular part was by irregular cracks flawed likewife into multitudes 
of irregular flakes or tiles 3 and this order was obferved likewife the 
whole length of the neck, 

Nqw though I could not lo exafrly cut this conical Body through the 
Axis, as is reprelented by the figure Y 3 yet by anatomizing, as it were, 
of feveral, and taking notice of divers particular circumftances, I was in¬ 
formed, that could I have artificially divided a flaw’d drop through the 
Axis or Center , I Ihould with a Mtcrofcope have found it to appear much 
of this form, where A fignifies the Apex , and B the blunt end, C C the 
Cone of the Bafis, which is terminated at T the top or end of it, which 
leems to be the very middle of the blunt end, in which, not only the cb* 
nicalbody of the Bafis C C is terminated, but as many of the parts of the 
drop as reach as high as D D. 

Audit feemed to be the head or beginning of a Pith, as it were, or a 
a part of the body which leemed more fpungy then the reft, and much 
more irregularly flawed, which fromT afeended by EE, though lefsvi- 
fible, into the Imall neck towards A. The Grain, as it were, of all the 
flaws, that from all the outward Surface A DC C D A, was much the 
fame,as is reprelented by the black ftrokesthat meet in the middle D T. 
DT,DE,DE, e-r. 
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Nor is this kind of Grain , ns I may call it, peculiar to Glafs drops thus 
quenched5 for ('not to mention C operas fiones ^ and divers other Mar- 
chafites and Minerals , which I have often taken notice of to be in the 
very fame manner flaked or grained, with a kind of Pith in the middle ) 
I have obferved the fame in all manner of caff Iron , elpecially the coar- 
ferfort, fuchas Steves, and Furnaces, and Backs, and Pots are made of.* 
For upon the breaking of any of thofe Subfiances it is obvious to ob- 
ferve, how from the out-fides towards the middle. there is a kind of 
Radiation or Grain much refembling this of the Glafs-dropj but this 
Grain is moft confpicuous in Iron-bullets , if they be broken: the fame 
Th^nomena may be produced by calling regains of Antimony into 
a Bullet-mold, as alfo with Glafi of Antimony , or with almoft any fuch 
kind of Vitrified Jnbftance , either call into a cold Mold or poured into 
Water. 

Others of thefe Drops I heat red hot in the fire,and then fuffered them 
to cool by degrees. And thefe I found to have quite loft all their fulmi^ 
nating or flying quality, as alfo their hard, brittle and fpringy texture 3 
and to emerge of a much fbfter temper, and much eafier to be broken or 
fnapt with ones finger;but its flrong and brittle quality was quite dedroy- 
ed, and it feemed much of the fame confidence with other green Glafs 
well nealed in the Oven. 

The Figure and bignels of thefe for the mod part was the fame with 
that of the Figure Z 3 that is,all the furface of them was very fmooth and 
polifht,and for the mod part round, but very rugged or knobbed about 
D, and all the length of the dem was here and there pitted or flatted. 
About D, which is at the upper part of the drop under that fide of the 
dem which is concave, thefe ufually was made fome one or more little 
Hillocks or Prominences. The drop it felf, before it be broken, appears 
very tranfparent, and towards the middle of it, to be very full of fmall 
Bubbles, of fome kind of aerial fubdance, which by the refra&ion of the 
outward furface appear much bigger then really they are 3 and this may 
be in good part removed, by putting the drop under the furface of clear 
Water, for by that means mod part of the refraflion of the convex Sur¬ 
face of the drop is dedroyed, and the bubbles will appear much fmaller. 
And this, by the by, minds me of the appearing magnitude of the aper* 
ture of the /m, or pupil of the eye, which though it appear, and be there¬ 
fore judged very large, is yet not above a quarter of the bignels it ap¬ 
pears of, by the lenticular redaction of the Cornea. 

The caufe of all which Vh<enomena I imagine to be no other then this. 
That the Parts of the Glafs being by the exceflive heat of the fire kept 
off and feparated one from another, and thereby put into a kind of flug- 
gifh fluid confidence, are differed to drop oft' with that heat or agitation 
remaining in them, into cold Water 3 by which means the outfides of the 
drop arc prefently cool’d and crufied , and are thereby made of a loofe 
texture,becaufe the parts of it have not time to fettle themfelves leifurely 
together , and fo to lie very clofe together: And the innermod parts of 
the drop, retaining dill much of their former heat and agitations, remain 

G 2 of 


Micrographia. 

of a loofe texture alfo,and,according as the cold ftrikes inwards from the 
bottom and (ides, are quenched, as it were, and made rigid in that very 
pofture wherein the cold finds them. For the parts of the cruft being 
already hardened , will not fuffer the parts to flirink any more from the 
outward Surface inward 5 and though it fhrink a little by reafbn of the 
fmall parcels of fome Aerial fubftances difperfed through the matter of 
the Glals, yet that is not neer fo much as it appears ( as I juft now hint¬ 
ed 5J nor if it were,would it be fufficient for to conlblidate and condenfe 
the body of Glafs into a tuff and dole texture , after it had been fo ex- 
ceflively rarified by the heat of the glals-Furnace. 

But that there may be fuch an expanfion of' the aerial fubftance con¬ 
tained in thofe little blebbs or bubbles in the body of the drop, this fol¬ 
lowing Experiment will make more evident. 

Take a {mail Glafs-Cane about a foot long, feal up one end of it her - 
nieticallyjihen put in a very fmall bubble of Glals, almoftof thefhape of 
an Eflence-viol with the open mouth towards the fealed end , then draw 
out the other end of the Pipe very fhiall,and fill the whole Cylinder with 
water, then fet this Tube by the Fire till the Water begin to boyl, and 
the Air in the bubble be in good part rarified and driven out, then by 
fucking at the (mailing Pipe, more of the Air or vapours in the bubble 
may be luck’d out, lo that it may fink to the bottom 5 when it is funk to 
the bottom,in the flame of a Candle,or Lamp,nip up the (lender Pipe and 
let it cool: whereupon it is obvious to obferve, firft, that the Water by 
degrees will fubfide and (hrink into much lefs room: Next, that the Air 
or vapours in the Glafs will expand themfelves lo, as to buoy up the little 
Glafs: Thirdly, that all about the infide of the Glafs-pipe there will ap¬ 
pear an infinite number of fmall bubbles,which as the Water grows colder 
and colder will fwell bigger and bigger, and many of them buoy them¬ 
felves up and break at the top. 

From this D feeding of the heat in Glafs drops,that is, by the quenching 
or cooling Irradiations propagated from the Surface upwards and in¬ 
wards, by the lines C T, CT, DT, DE,d>r. the bubbles in the drop 
have room to expand themfelves a little, and the parts of the Glals con¬ 
tract themfelves} but this operation being too quick for the lluggilh parts 
of the Glals, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glafs are bent, fome one way, and (bme 
another, yet (oas that moft of them draw towards the Pith or middle 
TEE E, or rather from that outward: fo that they cannot extricate or 
unbend themfelves, till fome part of T E E E be broken and loofened, 
for all the parts about that are placed in the manner of an Arch, and lo 
till their hold at T E E E be loofened they cannot fly afunder, but up¬ 
hold, and fhelter, and fix each other much like the ftones in a Vault, 
where each ftone does concurre to the ftability of the whole Fabrick, 
and no one ftone can be taken away but the whole Arch falls.And where- 
foever any of thole radiating wedges DTD,^r. are removed, which 
are the component parts of this Arch,the whole Fabrick prefently falls to 

pieces; 
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pieces^ for all the Springs of the feveral parts are fet at liberty, which 
immediately extricate themfelves and fly afunder every way } each part 
by its fpring contributing to the darting of it lelf and fome other contigu¬ 
ous part. But if this drop be heat lb hot as that the parts by degrees can 
unbend themfelves, and be fettled and annealed in that pofture , and be 
then fuflered gently to fubfide and cool} The parts by this nealing lo¬ 
sing their fpringinefs, conftitute a drop of a more loft but lefs brittle tex- 
ture,and the parts being not at all under a flexure, though any part of the 
middle or Pith T E E E be broken,yet will not the drop at all fly to pieces 
as before. 

This Conje&ure of mine I (hall indeavour to make out by explain¬ 
ing each particular AfTertion with analogous Experiments: The Aflertion* 
arethefe. 

Firft, That the parts of the Glafs, whilft in a fluid Confidence and 
hot, are more rarified , or take up more room, then when hard and 
cold. 

Secondly * That the parts of the drop do fuffer a twofold contra¬ 
ction. 

Thirdly , That the dropping or quenching the glowing metal in the 
Water makes it of a hard, fpringing, and rarified texture; 

Fourthly , That there is a flexion or force remaining upon the parts 
of the Glafs thus quenched, from which they indeavour to extricate 
themfelves; 

Fifthly, That the Fabrick of the drop, that is able to hinder the parts 
from extricating themfelves, is analogus to that of an Arch. 

Sixthly, That the fudden flying afunder of the parts proceeds from 
their fpringinefs. 

Seventhly, That a gradual heating and cooling docs anneal or reduce 
the parts of Glafs to a texture that is more loofe, andealilier tobebro-* 
ken, but not fb brittle. 

That the firft of thefe is true may be gathered from this, That tieat is 
a property of a body arifing from the motion or agitation of its parts } and 
therefore whatever body is thereby toucht muft neceflarily receive fome 

E art of that motion,whereby its parts Will be fhaken and agitated, and fo 
y degrees free and extricate themfelves from one another, and each 
part fo moved does by that motion exertzconatus of protruding and dip 
placing all the adjacent Particles. Thus Air included in a veflel, by be¬ 
ing heated will burft it to pieces. Thus have I broke a Bladder held 
ovfer the fire in my hand, with fuch a violence and noife , that it almoft 
made me deaf for the prefent,and much furpafled the noife of a Musket: 
The like have I done by throwing into the fire fmall glafs Bubbles her¬ 
metically fealed , with a little drop of Water included in them. Thus 
Water alfo,or any other Liquor,included in a convenient veflel,by being 
warmed, manifeftly expands it felf with a very great violence, foasto 
break the ftrongeft veflel, if when heated it be narrowly imprifoned in it* 

This 
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This is very manifeft by the fcaledThermonieters , which I have, by leve- 
ral tryals, at laft brought to a great certainty and tendernefs: for I have 
made fome with Items above four foot Jong, in which the expanding Li¬ 
quor would fo far vary,as to be very neer the very top in the heat of Sum¬ 
mer, and prety neer die bottom at the coldeft time of the Winter. The 
Stems I ule for them are very thick,ftraight,and even Pipes of Glals,with 
a very fmall perforation , and both the head and body I have made on 
purpofe at the Glalsdioule, of the lame metal whereof the Pipes are 
drawn: thele I can eafily in the flame of a Lamp, urged with the blaft of 
a pair of Bellows, leal and dole together, lo as to remain very firm, clofe 
and even 5 by this means I joyn on the body firft,and then fill both it and 
a part of the ftem, proportionate to the length of the Item and the 
warmth of the fealbn I fill it in .with the belt rectified Spirit of Wine high¬ 
ly tingd with the lovely colour of Cocheneel , which I deepen the more 
by pouring lome drops of common Spirit of Vrine , which mull not be 
too well rectified, becaufe it will be apt to make the Liquor to curdle 
and ftick in the Imall perforation of the ftem. This Liquor I have upon 
tryal found the moft tender of any fpirituous Liquor,and thole are much 
more fenfibly affedted with the variations of heat and cold then other more 
flegmatick and ponderous Liquors, and as capable of receiving a deep 
tindcure, and keeping it,as any Liquor whatloever 5 and (which makes 
it yet more acceptable ) is not fubjedl to *be frozen by any cold yet 
known. When I have thus filled it,I can very eafily in the foremention- 
ed flame of a Lamp leal and joyn on the head of it. 

Then, for graduating the ftem, I fix that for the beginning of my di- 
vifion where the furface of the liquor in the ftem remains when the 
ball is placed in common diftilled water, that is fo cold that it juft begins 
to freeze and fhoot into flakes 5 and that mark I fix at a convenient place 
of the ftem, to make it capable of exhibiting very many degrees of cold, 
below that which is requifite to freeze water: the reft of my divilions, 
both above and below this (which I mark with a [cf] or nought J I place 
according to the Degrees of Expanfion , or Contraction of the Liauor in 
proportion to the bulk it had when it indur’d the newly mention’d freez¬ 
ing cold. And this may be very eafily and accurately enough done by 
this following way} Prepare a Cylindrical vefiel of very thin plate Erals 
or Silver, A B C D of the figure Z $ the Diameter A B of whofe cavity 
let be about two inches, and the depth B C the lame 3 let each end be 
cover’d with a flat and fmooth plate of the fame fubftance, clolcly foder’d 
on, and in themidft of the upper cover make a pretty large hole E F, 
about the bignefs of a fifth part of the Diameter of the other 5 into this 
fallen very well with cement a ftraight and even Cylindrical pipe of Gltils, 
EFGH, the Diameter of whofe cavity let be exa&ly one tenth of the 
Diameter of the greater Cylinder. Let this pipe be mark’d at G H with 
a Diamant, lo that G from E may be diftant juft two inches, or the lame 
height with that of the cavity of the greater Cylinder, then divide the 
length EG exa&ly into 10 parts, lo the capacity of the hollow of each 
of thele divilions will be part of the capacity of the greater Cy lin- 
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der. This vefiel being thus prepared, the way of marking and gradu¬ 
ating the Thermometers may be very eafily thus performed : 

Fill this Cylindrical vefiel with the fame liquor wherewith the 7 fcs 
mo meters are fill’d, then place both it and the Thermometer you are to 
graduate , in water that is ready to be frozen, and bring the furface of the 
liquor in the Thermometer to the firft marke or [cQo then fo proportion 
the liquor in the Cylindrical veliel, that the furface of it may juft be at 
the lower end of the fmall glafs-Cy linden then very gently and gradu¬ 
ally warm the water in which both the Thermometer and this Cylindrical 
veliel Hand, and as you perceive the ting’d liquor to rife in both hems* 
with the point of a Diamond give feveral marks on the hem of the Ther¬ 
mometer at thofe places, which by comparing the expansion in both 
Stems, are found to correfpond to the divifions of the cylindrical veliel, 
and having by this means marked fome few of thefe divifions on the 
Stem, it will be very eafie by thefe to mark all the reft of the Stem, 
and accordingly to afiign to every divifion a proper character. 

A Thermometer , thus marked and prepared, will be the fitted: Inftru* 
ment to make a Standard of heat and cold that can be imagined. For 
being fealed up, it is not at all fubjeft to variation or wafting, nor is it lia¬ 
ble to be changed by the varying preflureof the Air, which all other 
kind of Thermometers that are open to the Air are liable to. But to pro-' 
ceed. 

This property of Expanfion with Heat, and Contra&ion with Cold, is 
not peculiar to Liquors only, but to all kind of folid Bodies alfo, efpeci- 
ally Metals* which will more manifeftly appear by this Experiment. 

Take the Barrel of a Stopcock of Brals, and let the Key, which is well 
fitted to it,be riveted into it,fo that it may Hip,and be eafily turned round, 
then heat this Cock in the fire, and you will find the Key fo fwollen, that 
you will not be able to turn it round in the Barrel 5 but if it be differed 
to cool again, as loon as it is cold it will be as movable, and as eafie to be 
turned as before. 

This Quality is alfo very obfervable in Lead, Titt , silver , Antimony, 
Pitch^Rofm^Bees-roax fatter ^xnd the like$ all which,if after they be melted 
you fufler gently to cool , you fhall find the parts of the upper Surface 
tofiibfide and fall inwards, lofing that plumpnefs and fmOothneft it had 
whilft in fufion. The like I have alfo obferved in the cooling of Glafi 
of Antimony . which does very neer approach the nature of Glafi, 

But becaufe thefe are all Examples taken from other materials then 
Glafs,and argue only, that poflibly there may be the like property alio in 
Glafs, not that really there is 5 we (hall by three or four Experiments in- 
deavour to manifeft that alfo. 

And the Firft is an Obfervation that is very obvious even in thefe Very 
drops,to wit,that they are all of them terminated with an unequal or ir¬ 
regular Surface, efpecially about the fmaller part of the drop , and the 
whole length of the ftem $ as about D, and from thence to A, the whole 
Surface, which would have been round if the drop had cool’d leiferely, 
is, by being quenched baftily,very irregularly flatted and pitted 5 which 
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I fiippofe proceeds partly from the Waters unequally cooling and prefe 
fing the parts of the drop, and partly from the felf-contra&ing or fobfi- 
ding quality of the fubftance of the Glafs: For the vehemency of the 
heat of the drop caufes fuch hidden motions and bubbles in the cold Wa« 
ter,that fome parts of the Water bear more forcibly againft one part then 
againft another , and confequently do more fuddenly cool thofe parts to 
which they are contiguous. 

A Second Argument may be drawn from the Experiment of cutting 
Glafles with a hot Iron. For in that Experiment the top of the Iron 
heats 5 and thereby rarifies the parts of the Glafs that lie juft before the 
crack, whence each of thole agitated parts indeavouring to expand its 
felf and get elbow-room, thrufts off all the reft of the contiguous parts, 
and confequently promotes the crack that was before begun. 

A Third Argument may be drawn from the way of producing a crack 
in a found piece or plate of Glafs, which is done two wayes, either Firft, 
by fuddenly heating a piece of Glafs in one place more then in another. 
And by this means Chymifis ufually cut off the necks of Glafs-bodies, 
by two kinds of Inftruments, either by a glowing hot round Iron-Ring, 
which juft incompafles the place that is to be cut, or elfe by a Sulphur'd 
Threed,which is often wound about the place where the feparation is to 
be made,and then fired. Or Secondly.A Glafs may be cracked by cooling 
it fuddenly in any place with Water, or the like, after it has been all lei- 
fiirely and gradually heated very hot. Both which Phenomena feem ma- 
nifeftly to proceed from the expanfion and contraction of the parts of 
the Glafs, which is alfo made more probable by this circumftance which 
I have obferved , that a piece of common window-glafs being heated in 
the middle very fuddenly with a live Coal or hot Iron,does ufually at the 
firft crack fall into pieces,whereas if the Plate has been gradually heated 
very hot, and a drop of cold Water and the like be put on the mid¬ 
dle of it, it only flaws it, but does not break it afunder immedi¬ 
ately. 

A Fourth Argument may be drawn from this Experiment 5 Take a 
Glafs-pipe, and fit into it a folid ftick of Glafs, fo as it will but juft be mo¬ 
ved in it. Then by degrees heat them whilft they are one within ano- 
ther,and they will grow ftiffer, but when they are again cold 5 they will be 
aseafie to be turned as before. This Expansion of Glafs is more mani- 
feft in this Experiment. 

Take a ftick of Glafs of a confiderable length,and fit it fo between the 
two ends or ferews of a Lath,thatit may but jufteafily turn,and that the 
very ends of it may be juft toucht and fufteined thereby, then applying 
the flame of the Candle to the middle of it, and heating it hot, you will 
prefently find the Glafs to ftick very faft on thofe points, and not without 
much difficulty to be convertible on them, before that by removing the 
flame for a while from it, it be fuffered to cool, anden y ou will find it 
as eafie to be turned round as at the firft. 

From all which Experiments it is very evident, that all thofe Bodies, 
and particularly Glafs, fuffers an Expanfion by Heat, and that a very con¬ 
fiderable 
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tiderable one,whilft they are in a ftate ofFufion. For Fluidity^ i elfewhere 
mention, bang nothing but an effect of a very flrong and qmc fjhaking motion^ 
whereby the parts arenas it rverejoofened from each otheryttod conjequeutlj leave 
an interjacent fp ace or vacutty , it follows, that all thofe fhaken Particle's muft 
neceflarily take up much more room then when they were at red:, and lay 
quietly upon each other. And this is further confirmed by a Pot of boyling 
Alabafier , which will manifeftly rile a fixth or eighth part higher in the Pot, 
whillt it is boyling, then it will remain at, both before and after it be boyl- 
ed.The realbn of which odd Phenomenon (to hint it here only by the way) 
is this, that there is in the curious powder of Alabafier, and other calcining 
Stones, a certain watery fubllance, which is fofixt and included with the 
folid Particles, that till the heat be very eonfiderable they will not fly away$ 
but after the heat is increafed to fuch a degree, they break out every way 
in vapours, and thereby lb fhake and loofen the Imall corpufles of the Pow¬ 
der from each other, that they become perfectly of the nature of a fluid bo* 
dy, and one may move a Hick to and fro through it, and ftir it as eafily as 
water, and the vapours burll and break out in bubbles juft as in boyling 
water,and the like , whereas, both before thofe watery parts ate flying 
away, and after they are quite gone $ that is, before and after it have done 
boy ling,all thofe efte&s ceafe, and a ftick is as difficultly moved to and fro 
in it as in land, or the like. Which Explication I could eafily prove, had I 
time $ but this is not a fit place for it. 

To proceed therefore, I fay,that the dropping of this expanded Body in* 
to cold Water, does make the parts of the Glafs fuffer a double contra&ion: 
The firft is, of thofe parts which are neer the Surface of the Drop. For Cold, 
aslfaid before,contraCcing Bodies, that is, by the abatement of the agitating fa¬ 
culty the parts falling neer er together 5 the parts next ad joying to the Water 
muft needs lofe much of their motion, and impart it to the Ambient*water 
(which the Ebullition and commotion of it manifefts) and thereby become 
a folid and hard cruft, whilft the inner moll parts remain yet fluid and ex* 
panded 5 whence,as they grow cold alfo by degrees^heir parts muft necefia* 
rily be left at liberty to be condenled, but becauftof the hardnef&of the 
outward cruft,the contra&ion cannot be admitted that way^but there being 
many very Imall, and before inconlpicuous, bubbles in the fubftance of the 
Glais,upon the lubliding of the parts of the Glafs,the agil fubftance contain¬ 
ed in them has liberty of expanding it felf a little,and thereby thofe bubbles 
grow much bigger,which is the fecond Contraction. And both theft are con* 
firmed from the appearance of the Drop it felf: for as for the outward parts, 
we fee,firft,that it is irregular and Ihrunk, as it were, which Is caufed by the 
yielding a little of the hardened Skin to a Contraction, after the very out- 
moft Surface is fettled ^ and as for the internal parts, one may with ones 
naked Eye perceive abundance of very conlpicuous bubbles, and with the 
Microfcope many more. 

The Confideration of which Particulars will eafily make the Third Pofith* 
on probable,that is,that the parts of the drop will be of a very hard, though 
of a rarified T exture 5 for if the outward parts of the Drop, by reafon of its 
hard crafty will indure very little Contra dtibn, and the agil Particles, inclu* 
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ded in thofe bubbles, by the lofing of their agitation, by thedecrcafe of the 
Heat,lofe alfo moll: part of their Spring and Expanfive power:it follows (the 
withdrawing of the heat being very fuddcn) that the parts muft be left in a 
very loofe Texture, and by realbn of the implication of the parts one about 
another,which from their fluggifhnes and glutinoufnefs I fuppofe to be much 
after the manner of the fticks in a Thorn-bufh,or a Lock of Wool$I t will fol¬ 
low, I fay, that the parts will hold each other very ftrongly together,and in- 
deavour to draw each other neerer together, and confequently their Tex¬ 
ture mull be very hard and ftifi, but very much rarihed. 

And this will make probable my next Pofition, That the parts of the Glafs 
are under a kind oftenjion or flexure ^out ofwhich they indeavour to extricate and 
freethemfelvesysxvd thereby all the parts draw towards the Center or middle, 
and would, if the outward parts would give way, as they do when the out¬ 
ward parts cool leiliirely (as in baking of GJaliesJ) contra# the bulk of the 
drop into a much left compafs. For fince.as I proved before,the Internal parts 
of the drop, when fluid,were of a very rarified Texture ; and,asit were,tos’d 
open like a Lock of Wool.and if they were fuffered leifurely to cool, would 
be again preft, as it were,clofe together: And flnee that the heat,which kept 
them bended and open, is removed, and yet the parts not fullered to get as 
neer together as they naturally would , It follows,that the Particles remain 
under a kind of tenjion and flexure , and confequently have an indeavour to 
free themfelves from that bending and dijienjion , which they do, asfoon as 
either the tip be broken, or as foon as by a leifurely heating and cooling, 
the parts are nealed into another pofture. 

And this will make my next Pofition probable,that the parts oftheGlafs drops 
are contignated together in the form of an Arch^ and cannot any where yield or 
be drawn inwards,till by the removing of fome one part of itfas it happens in 
the removing one of the ftones of an Arch)the whole Fabrick is fhatter d,and 
falls to pieces,and each of the Springs is left at liberty,fuddenly to extricate it 
felf: for fince I have made it probable,that the internal parts of the GJaft have 
a contra&ive power inwards, and the external parts are incapable of fuch a 
Contra#ion,and the figure of it being lpherical,it follows,that the fuperficial 
parts muft bear againft each other, and keep one another from being con¬ 
dens’d into a lefs room, in the fame manner as the ftones of an Arch conduce 
to the upholding each other in that Figure. And this is made more probable 
by another Experiment which was communicated to me by an excellent Per- 
fon,whofe extraordinary Abilities in all kind of Knowledg, efpecially in that 
of Natural things,and his generous Difpofition in communicating,incouraged 
me to have recourfe to him on many occafions. The Experiment was this : 
Small Glaft-balls ( about the bignefs of that reprefented in the Figure e>\) 
would,upon rubbing or fcratching the inward Surface, fly all infunder, with 
a pretty brisk noife 5 whereas neither before nor after the inner Surface had 
been thusfcratcht, did there appear any flaw or crack. And putting the pie¬ 
ces of one of thofe broken ones together again, the flaws appeared much 
after the manner of the black lines on the Figure, Thefe Balls were final!, 
but exceeding thick bubbles of Glaft , which being crack’d off from the 
Vmtilion whilft very hot, andfo fuffered to cool without nealing them in 
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the Oven over the Furnace, do thereby ( being made of white Glals, 
which cools much quicker then green Glafs, and is thereby made much 
brittlerj acquire a very porous and very brittle texture: fo that if with 
the point of a Needle or Bodkin, the infide of any of them be rubbed 
pretyhard, and then laid on a Table, it will, within a very little while, 
break into many pieces with a brisk noife, and throw the parts above a 
Ipan afunder on the Table: Now though the pieces are not fo final! as 
thofe of a fulminating drop, yet they as plainly fhew, that the outward 
parts of the Glals have a great Conatus to fly afunder,were they not held 
together by the tenacity of the parts of the inward Surface : for we fee 
as foon as thofe parts are crazed by hard rubbing, and thereby their tena¬ 
city fpoiled, the fpringinels of the more outward parts quickly makes a 
divulfion, and the broken pieces will, if the concave Surface of them be 
further foratcht with a Diamond, fly again into fmaller pieces. 

From which preceding confiderations it will follow Sixthly, That the 
Hidden flying afunder of the parts as foon as this Arch is any where difor- 
dcred or broken, proceeds from the fpringing of the parts 5 which endea¬ 
vouring to extricate themfelves as foon as they get the liberty , they per¬ 
form it with fuch a quicknels,that they throw one another away with very 
great violence .* for the Particles that compofe the Cruft have a Conatus 
to lye further from one another,and therefore as foon as the external parts 
are loefened they dart themfelves outward with great violence, juft as fo 
many Springs would do, if they were detained and faftened to the body, 
as foon as they fhould be luddenly loofened, and the internal parts draw¬ 
ing inward, they contrad fo violently, that they rebound back again and 
fly into multitude of fmall Olivers or fands. Now though they appear 
not, either to the naked Eye, or the Microfcope , yet I am very apt to think 
there may be abundance of finall flaws or cracks, which , by reafon the 
ftrong refleding Air is not got between the contiguous parts, appear not. 
And that this may be fo, I argue from this , that I have very often been 
able to make a crack or flaw, in fome convenient pieces of Gla(s,to appear 
and dilappear at pleafure, according as by prefling together, or pulling 
alunder the contiguous parts, I excluded or admitted the ftrong refled- 
ing Air between the parts: And it is very probable, that there may be 
fome Body, that is either very rarified Air, or fomething analogous to it, 
which fills the bubbles of thefe drops 5 which I argue, firft, from the round- 
nels of them, and next, from the vivid refledion of Light which they ex- 
hibite : Now though I doubt not, but that the Air in them is very much 
rarified,yet that there is fome in them, to fuch as well confider this Expe¬ 
riment of the dilappearing of a crack upon the extruding of the Air 3 I 
fiippofo it will feem more then probable. 

The Seventh and laft therefore that I fhall prove, is, ’That the gradual 
heating and cooling of thefe fo extended bodies does reduce the parts of the 
Clafs to a loojer and fofter temper . And this I found by heating them, and 
keeping them for a prety while very red hot in a fire , for thereby I found 
them to grow a little lighter, and the finall Stems to be very eafily bro¬ 
ken and fnapt any where, without at all making the drop fly 3 whereas 
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Before they were fo exceeding hard,that they could not be broken with¬ 
out much difficulty 3 and upon their breaking the whole drop would 
fly in pieces with very great violence. The Rcafon of which laft feems 
to be 3 that the leifurely heating and cooling of the parts does not only 
waftfbme part of the Glafsit felf, but ranges all the parts into abetter 
order, and gives each Particle an opportunity of relaxing its felf, and 
consequently neither will the parts hold fo ftrongly together as before, 
nor befb difficult to be broken : The parts now more eafily yielding, 
nor will the other parts fly in pieces, becaufe the parts have no bended 
Springs. The relaxation alfo in the temper of hardned Steel, and ham¬ 
mered Metals.by nealing them in the fire,leems to proceed from much the 
famecaule. For both by quenching fuddenly fuch Metals as have vitri¬ 
fied parts interfpers’d, as Steel has,and by hammering of other kinds that 
do not fo much abound with them, as Silver, Brafe, dfic. the parts are put 
into and detained in a bended pofture , which by the agitation of Heat 
are fhaken,and loofened, and fuffered to unbend themfelves. 


Obferv. VIII. Of the fiery Sparks ftruck. from a Flint or 
Steel. 

I T is a very common Experiment , by ftriking with a Flint againft a 
Steel,to make certain fiery and fhining Sparks to fly out from between 
thofe two comprefling Bodies. About eight years fince , upon calually 
reading the Explication of this odd Phenomenon ^ by the moftlngenious 
Ves Cartes , I had a great defire to be fatisfied, what that Subftance was 
that gave fuch a fhining and bright Light: And to that end I fpread a 
fheet of white Paper,and on it, obferving the place where feveral of thefe 
Sparks feemed to vanifh, I found certain very (mail, black, but gliftering 
Spots of a movable Subftance, each of which examining with my Afijcro- 
cope ,1 found to be a fmall round Globule 3 fome of which, as they looked 
prety fmall, fo did they from their Surface yield a very bright and ftrong 
reflexion on that fide which was next the Light 3 and each look’d almoft 
like a prety bright Iron-Ball, whofe Surface was prety regular, fuch as is 
reprefented by the Figure A. In this I could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light and it. Others I found,which were, as to the bulk of the Balk 
prety regularly ror id,but the Surface of them,as it was not very fmooth, 
but rough,and more irregular, fo was the reflexion from it more faint and 
confufed. Such were the Surfaces of B.C.D. and E. Some of thefe I 
found cleft or cracked, asC, others quite broken in two and hollow, as 
D. which feemed to be half the hollow ftiell of a Granado, broken irre¬ 
gularly in pieces. Several others I found of other fhapes 3 but that 
which is reprefented by E, I obferved to be a very big Spark of Fire, 
which went out upon one fide of the Flint that I ftruck fire withall, to 
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which it ftuck by the root F, at the end of which fmall Stem was faften- 
cd-on a Hemifphere , or half a hollow Ball,with the mouth of it open from 
the ftemwards, lb that it looked much like a Funnel, or an old fafhioned 
Bowl without a foot. This night, making many tryals and obfervations 
of this Experiment,I met,among a multitude of the Globular ones which 
I had oblerved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypothecs. 

And the Firft was of a pretty big Ball fattened on to the end of a (mall 
(liver of Iron,which Compofitum Teemed to be nothing elfe but a long thin 
chip of Iron,one of whole ends was melted into a (mail round Globul,the 
other end remaining unmelted and irregular, and perfectly Iron. 

The Second Inftance was not lefs remarkable then the Firft $ for I 
found, when a Spark went out, nothing but a very (mall thin long (liver 
of Iron or Steel, unmelted at either end. So that it Teems, that (ome of 
thefe Sparks are the llivers or chips of the Iron vitrified , Others are on¬ 
ly the (livers melted into Balls without vitrification, And the third kind 
are only fmall (livers of the Iron, mad ' xd-hot with the violence of the 
ftroke given on the Steel by the Flint. 

He that (hall diligently examine the Vhanomena of this Experiment, 
will, I doubt not, find caufe to believe, that the realbn I have heretofore 
given of it, is the true and genuine caufe of it, namely. That the Sparky 
appearing Jo bright in the failing js nothing elfe but a fmall piece of the Steel 
or Flint , but mojl commonly of the Steely which by the violence of the jlroke 
is at the fame time fever d and heatt red-hot , and that fometimes to fitch a 
degree , as to make it melt together into a fmall (globule of Steel 5 and fome¬ 
times alfb is that heat fo very intenfe , as further to melt it and vitrifie it , but 
many times the heat is fo gentle , as to be able to make the fiver only red hot , 
which notvpitkflanding falling upon the tinder (that is only a very curious 
(mall Coal made of the fmall threads of Linnen burnt to coals and 
char'd J it eafily fits it on fire . Nor will any part of this Hypothefis Teem 
ftrange to him that confiders, Firft, that either hammering, or filing, of 
otherwife violently rubbing of Steel, will prefently make it fo hot as to 
be able to burn ones fingers. Next, that the whole force of the ftroke 
is exerted upon that fmall part where the Flint and Steel firft touch: For 
the Bodies being each of them (o very hard, the puls cannot be far com- 
municated, that is, the parts of each can yield but very little, and there¬ 
fore the violence of the concuftion will be exerted on that piece of Steel 
which is cut off by the Flint. Thirdly, that the filings or (mall parts of 
Steel are very apt,as it were,to take fire, and are prefently red hot, that 
is,there Teems to be a very combufiible fulphureous Body in Iron or Steel, 
which the Air very readily preys upon, as Toon as the body is a little vio¬ 
lently heated. 

And this is obvious in the filings of Steel or Iron caft through the flame 
of a Candle 5 for even by that fudden tranfitus of the fmall chips of Iron, 
they are heat red hot, and that combufiible fulphureous Body is prefent- 
ly prey’d upon and devoured by the aereal incompafling Menfirmm , 
whofe office in this Particular I have (hewn in the Explication of Char- 
cole. And 
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And in profecution of this Experiment,having taken the filings of Iron 
and Steel, and with the point of a Knife caft them through the flame of a 
Candle , I obferved where fome confpicuous fhining Particles fell, and 
looking on them with my Microfcope 5 I found them to be nothing elfe 
butfuch round Globules, as I formerly found the Sparks ftruck from the 
Steel by a ftroke to be, only a little bigger , and fhaking together all the 
filings that had fallen upon the fheet of Paper underneath, and obferving 
them with the Mcrofcope* I found a great number of fmall Globules, fuch 
as the former, though there were alio many of the parts that had remain¬ 
ed untoucht, and rough filings or chips of Iron. So that, it feems, Iron 
does contain a very combuftible fulphureous Body, which is, in all likeli¬ 
hood, one of the caufes of this Phenomenon , and which may be perhaps 
very much concerned in the bufinefs of its hardening and tempering ; of 
which fomewhat is laid in the Defcription of Mufcovy-glafs . 

So that, thefe things considered, we need not trouble our fel ves to find 
out what kind of Pores they are, both in the Flint and Steel, that contain 
the Atoms of fire , nor how thofe Atoms come to be hindred from run¬ 
ning all out, when a dore or paflage in their Pores is made by the con- 
cuffton: nor need we trouble our felves to examine by what Prometheus 
the Element of Fire comes to be fetcht down from above the Regions of 
the Air, in what Cells or Boxes it is kept, and what Epimetheus lets it go: 
Nor to confider what it is that caufes fo great a conflux of the atomical 
Particles of Fire,which are faid to fly to a flaming Body, like Vultures or 
Eagles to a putrifying Carcafs, and there to make a very great pudder. 
Since we have nothing rmre difficult in this Hypothefis to conceive, firft, 
as to the kindling of Tinaer, then how a large Iron-bullet, let fall red or 
glowing hot upon a heap of Small-coal, fhould let fire to thofe that are 
next to it firft: Nor fecondly, is this laf \ more difficult to be explicated, 
then that a Body, as Silver for Inftance, put into a weak Menfiruum, as 
unre&ified Aqua fortis fhould , when it is put in a great heat, be there 
diflolved by it, and not before 5 which Hypothefis is more largely explica¬ 
ted in the Delcription of Charcoal. To conclude, we fee by this In¬ 
ftance, how much Experiments may conduce to the regulating of Philo - 
fophical notions. For if the moft Acute Des Cartes had applied himfelf 
experimentally to have examined what fubftance it was that caufed that 
Ihiningof the falling Sparks ftruck from a Flint and a Steel, he would 
certainly have a little altered his Hypothefis , and weffiould have found, 
that his Ingenious Principles would have admitted a very plaufible Ex¬ 
plication of this Phenomenon 5 whereas by not examining fo far as he 
might, he has fet down an Explication which Experiment dos contra- 
dia. 

But before I leave this Defcription, I muft not forget to take notice of 
the Globular form into which each of thefe is moft curioufly formed. 
And this Phenomenon , as I have elfewhere more largely (hewn, proceeds 
from a propriety which belongs to all kinds of fluid Bodies more or 
lefs,and is caufed by the Incongruity of the Ambient and included Fluid, 
which fo ads and modulates each other, that they acquire, as neer as is 
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poflible, a fpericalox globular form, which propriety and leveral of the 
Phenomena that proceed from it, I have more fully explicated in the fixth 
Oblervation. j 

- One Experiment, which does very much illuftrate my pre/ent Explica¬ 
tion, and is in it felf exceeding pretty, I muft not pafs by: And that is a 
way of making fmall Globules ox Balls of Lead, or Tin, as fmall almoft as 
thefe of Iron or Steel, and that exceeding eafily and quickly, by turning 
the filings or chips of thole Metals alio into perfectly round Globules . 
The way, in lhort,as I received it from the Lear?ied rhyfitian Doff or I. G. 
is this 5 

' Reduce the Metal you would thus fhape, into exceeding fine filings, 
the finer the filings are, the finer will the Balls be: Stratifie thefe filings 
with the fine and well dryed powder of quick Lime in a Crucible propor¬ 
tioned to the quantity you intend to make: When you have thus filled 
your Crucible , by continual ftratifications of the filings and powder, lo 
that.as neer as may be, no one of the filings may touch another, place the 
Crucible in a gradual fire , and by degrees let it be brought to a heat big 
enough to make all the filings, that are mixt with the quick Lime,to melt, 
and no more 5 for if the fire be too hot, many of thefe filings will joyn 
and run together $ whereas if the heat be proportioned , upon walking 
the Lime-duff: in fair Water, all thofe fmall filings of the Metal will lub- 
fide to the bottom in a moft curious powder, confifting all of exa&ly 
round Globules , which, if it be very fine, is very excellent to make Hour- 
glafles of. 

Now though quick Lime be the powder that this dire&ion makes 
choice of, yet I doubt not, but that there may be much more convenient 
ones found out, one of which I have made tryal of, and found very effe¬ 
ctual } and were it not for difeovering, by the mentioning of it, another 
Secret, which I am not free to impart, I Ihould have here inferted 
it. 

--U- i ----- - • ■ • _ - - - ■ \ ^ ■ J 

Obfcrv. IX. Of the Colours obfervable in Mufcovy Glafs 7 and 
other thin Bodies. 

'■ ■ - : - ’ • ’ / ■ - . ! '• Jtv -j j ;rK 

M Ofcovy-glals,or Lapis fpecularis’is a Body that leems to have as mrf- 
ny Curiofities in its Fabriek as any common Mineral I have met 
with: forfirft. It is tranfparent to a great thicknels: Next, it is com¬ 
pounded of an infinite number of thin flakes joyned or generated one 
upon another lb clofe 8c lmooth,as with many hundreds of them to make 
onefmooth and thin Plate of a tranfparent flexible lubftance,which with 
care and diligence may be Hit into pieces lo exceedingly thin as to be 
hardly perceivable by the eye, and yet even thole, which I have thought 
the thinneft, I have with a good Microfcope found to be made up of many 
ether Plates, yet thinner y and it is probable, that, were owx Microfcope $ 
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much better 5 we might much further difcover its divifibility. Nor are 
theie flakes only regular as to the fmoothnels of their Surfaces j but third¬ 
ly 3 In many Plates they may be perceived to be terminated naturally 
with edges of the figure of a Rhomboeid. This Figure is much more con- 
lpicuous in our Englilh talk, much whereof is found in the Lead Mines, 
and is commonly called Spar , and Kauc \, which is of the lame kind of 
liibftance with the S olenitis , but is feldom found in fo large flakes as that 
is, nor is it altogether lo tufl^ but is much more clear and tranfparent,and 
much more curioufly lhaped , and yet may be cleft and flak’d like the o- 
ther Selenitis . But fourthly, this ftone has a property, which in refpeft 
of the Microfcope y is more notable, and that is, that it exhibits feveral ap¬ 
pearances of Colours, both to the naked Eye, but much more conlpicu- 
oully to the Aficrofiope $ for the exhibiting of which , I took a piece of 
Mufiozy-glafi , and lplitting or cleaving it into thin Plates, I found that up 
,,and down in feveral parts of them I could plainly perceive leveral white 
Ipecks or flaws, and others diverfly coloured with all the Colours of the 
Rainbow 3 and with the Microfcope I could perceive, that thefe Colours 
were ranged in rings that incompafled the white fpeck or flaw, and were 
round or irregular, according to the lhape of the fpot which they termi¬ 
nated $ and the pofition of Colours, in relpeft of one another, was the 
very lame as in the Rainbow . The confecution of thofe Colours from the 
middle of the fpot outward being Blew, Purple, Scarlet, Yellow, Greenj 
Blew, Purple, Scarlet, and lb onwards, lometimes half a Icore times re- 
peated,that is,there appeared fix,feven,eight,nine or ten leveral coloured 
rings or lines, each incircling the other, in the fame manner as I have of¬ 
ten leen a very vivid Rainbow to have four or five feveral Rings of Co¬ 
lours, that is, accounting all the Gradations between Red and Blew for 
one: But the order of the Colours in thefe Rings was quite contrary to 
the primary or innermoft Rainbow , and the fame with thole of the fecon- 
dary or outermoft Rainbow , theie coloured Lines or Irifis , as I may lb 
call them, were fome of them much brighter then others, and Ibmc of 
them allb very much broader, they being lome of them ten,twenty, nay, 

I believe, neer a hundred times broader then others 5 and thofe ufually 
were broadilh which were neereft the center or middle of the flaw. And 
oftentimes I found , that theie Colours reacht to the very middle of the 
flaw, and then there appeared in the middle a very large fpot, for the 
mofi: part, all of one colour , which was very vivid , and all the other 
Colours incompaffing it, gradually alcending, and growing narrower to¬ 
wards the edges, keeping the fame order, as in the fecundary Rainbow , 
that is,if the middle were Blew, the next incompaffing it would be a Pur- 
ple,the third a Red, the fourth a Yellow, &c. as above } if the middle 
were aRed,the next without it would be a Yellow,the third a Green, the 
fourth a Blew,and fo onward,. And this order it alwayes kept whatlb- 
ever were the middle Colour. 

There was further obfervable in leveral other parts of this Body, ma¬ 
ny Lines or Threads,each of them of fome one peculiar Colour, and thole 
lb exceedingly bright and vivid , that it afforded a very pleafant objed 
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through the Microfcope. Some of thefe threads I have obferved alio to 
be pieced or made up of feveral fhort lengths of differently coloured 
ends ( as I may lb call them) as a line appearing about two.inches long 
through the Microfcope , has been compounded of about half an inch of 
a Peach colour, « of a lovely Grafs-green, f of an inch more of a bright 
Scarlet.and the reft of the line of a Watchet blew. Others of them were 
much otherwife coloured $ the variety being almoft infinite. Another 
thing which is very obfervable, is, that if you find any place where the 
colours are very broad and confpicuous to the naked eye, you may, by 
prefiing that place with your finger, make the colours change places,and 
go from one part to another. 

There is one Phenomenon more, which may, if care be ufed, exhi~ 
bit to the beholder, as it has divers times to me, an exceeding pleafant, 
and notlefsinftru&ive Spefracle 5 And that is, if curiofity and diligence 
be uled, you may fo fplit this admirable Subftance , that you may have 
pretty large Plates ( in comparifon of thofe fmaller ones which you may 
obferve in the Rings) that are perhaps an £ or a $ part of an inch over, 
each of them appearing through the Microfcope moft curioully, intirely, 
and uniformly adorned with Tome one vivid colour : this, if examined 
with the Mi cr of ope , may be plainly perceived to be in all parts of it e- 
qually thick. Two, three, or more of thefe lying one upon another, ex¬ 
hibit oftentimes curious compounded colours, which produce fuch a 
Compoftum , as one would fcarce imagine (hould be the refult of fetch in¬ 
gredients : As perhaps a faint yellow and a blew may produce a Very deep 
purple. But when anon we come to the more ftrift examination of thefe 
Phenomena, and to inquire into the eaufes and reafons of thefe producti¬ 
ons, we (hall,I hope, make it more conceivable how they are produced* 
and fhew them to be no other then the natural and neceflary effefts ari- 
ling from the peculiar union of concurrent eaufes. 

Thefe Phenomena being fo various, and fo truly admirable, it will cer¬ 
tainly be very well worth our inquiry, to examine the eaufes and reafons 
of them,and to confider, whether from thefe eaufes demonftratively evi¬ 
denced , may not be deduced the true eaufes of the produ&ion of all 
kind of Colours. And I the rather now do it, inftead of an Appen¬ 
dix or Digreflion to this Hiffory, then upon the occafion of examining 
the Colours in Peacocks, or other Feathers, becaufe this Subject, as it 
does afford more variety of particular Colours, fo does it afford much 
better wayes of examining each circumflance. And this will be made 
manifeftto him that eonfiders, firft, that this laminated body is more 
fimple and regular then the parts of Peacocks feathers, this confifting on¬ 
ly of an indefinite number of plain andfmooth Plates, heaped up, or in¬ 
cumbent on each othen Next, that the parts of this body are much more 
manageable, to be divided or joyned, then the parts of a Peacocks fea- 
ther,or any other fubftance that I know. And thirdly, beeaufe that in this 
we are able from a colourlefs body to produce feveral coloured bodies* 
affording all the variety of Colours imaginable: And feveral others, 
which the fubfequent Inquiry will make manifeff. 
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To begin therefore, it is manifeft from feveral circumftances, that the 
material caufe of the apparition of thefe feveral Colours , is fome Lamina 
or Plate of a tranfparent or pellucid body of a thicknefs very determi¬ 
nate and proportioned according to the greater or lefs refradtive power 
of the pellucid body. And that this is fo ; abundance of Inftances and par¬ 
ticular Circumftances will make manifeft. 

As firft , if you take any fmall piece of the Mttfcovy-glafs , and with a 
Needle , or fome other convenient Inftrument, cleave it oftentimes into 
thinner and thinner Lamina* you fhall find, that till you come to a deter¬ 
minate thinnefs of them, they (hall all appear tranfparent and colourlefs, 
but if you continue to l'plit and divide them further,you fhall find at laft, 
that each Plate, after it comes to fuch a determinate thicknefs, fhall ap- 

E ear moft lovely ting’d or imbued with a determinate colour. If further , 
y any means you fo flaw a pretty thick piece, that one part does begin 
to cleave a little from the other, and between thofe two there be by any 
means gotten fome pellucid medium t thofe laminated pellucid bodies that 
fill that fpace, fhall exhibit feveral Rainbows or coloured Lines, the co¬ 
lours of which will be difpofed and ranged according to the various 
thicknefles of the feveral parts of that Plate. That this is fo, is yet fur¬ 
ther confirmed by this Experiment. 

Take two fmall pieces of ground and polifht Looking-glafs-plate 
each about the bignefs of a fhilling, take thefe two dry, and wifh your 
fore-fingers and thumbs prefs them very hard and clofe together,and you 
fhall find, that when they approach each other very near, there will ap¬ 
pear feveral Irifes or coloured Lines, in the fame manner almoft as in the 
Mttfcovy-glaft 3 and you may very eafily change any of the Colours of 
any part of the interpofed body, by prefling the Plates clofer and hard¬ 
er together,or leaving them more lax 3 that is,a part which appeared co¬ 
loured with a red, may be prefently ting’d with a yellow, blew, green, 
purple , or the like, by altering the appropinquation of the terminating 
Plates.Now that air is not neceflary to be the interpofed body, but that 
any other tranfparent fluid will do much the fame, may be tryed by wet¬ 
ting thofe approximated Surfaces with Water, or any other tranfparent 
Liquor, and proceeding with it in the fame manner as you did with the 
Air 5 and you will find much the like effedt, only with this difference, 
that thofe compreft bodies, which differ mofl, in their refradtive quality, 
from the compreffing bodies, exhibit the mofl ftrong and vivid tin¬ 
ctures. Nor is it neceflary , that this laminated and tingd body fhould 
be of a fluid fubftance, any other fubftance, provided it be thin enough 
and tranfparent, doing the fame thing : this the Lamina of our Jlfufeoty- 
glafs hint 3 but it may be confirm*d by multitudes of other Inftances. 

And firft, we fhall find, that even Glafs it lelf may, by the help of a 
Lamp, be blown thin enough to produce thefe Phanomena of Co¬ 
lours : which Vhanomena accidentally happening, as 1 have been 
attempting to frame fmall Glafles with a Lamp, did not a little furprize 
me at firft, having never heard or feen any thing of it before 5 
though afterwards comparing it with the Phenomena , 1 had often 
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obferved in thofe Bubbles which Children life to thake with Soap-water, 
I did the lefs wonder 5 efpecially when upon Experiment I found, I wa 3 
able to produce the fame Phenomena in thin Bubbles made with any 
other tranlparcnt Subftatice. Thus have I produced them with Bubbles 
of Pitch. Kojin , Colophony ffurpentine 3 Solutions of feveral Gtin/f as Gnni{ 
Arabic in water $ any glutinous Liquor,as Wort 0 tVine^Spirit of fVh/6 , Oyl 
of Turpentine , Glare of Snails 3 6cc. 

It would be needlds to enumerate the feveral Indances , thefe being 
enough to fhew the generality or univerlality of this propriety. Only I 
mud not omit, that we have inllartcesalfo of this kind even in metalline 
Bodies and animal 5 for thofe feveral Colours which are obferved to fob* 
low each other upon the polillit furface of hardhed Steel, when it is by a 
fufficient degree of heat gradually tempered or fattened, are produced 
from nothing elfe but a certain thin Lamina of a viirnm or vitrified part, 
of the Metal,which by that degree of heat, and the concurring adtioil of 
the ambient Air,is driven out and fixed on the furfaceof the Steel. 

And this hints to me a very probable ( at lead, if not the true) daufe 
of thehardningand tempering of Steel, which has not, I think, been yet 
given,nor, that I know of,been fo much as thought of by any* And that 
is this,that the hardiieft of it arifes from a greater proportion of a vitrifw 
' ed Subftance interfperfed through the pores of the Steel. And that the 
tempering or foftning of it arifes from the proportionate or fHialler parcels 
of it left within thole pores. This will feem the more probable, if Wd 
confider thele Particulars. 

Fird, That the pure parts of Metals are of themfelves very flexible 
and tuff $ that is, will indure bending and hammering,and yet retain the!? 
continuity. 

Next, That the Parts of all vitrified SubdanOes, as all kinds of Glafi^ 
the Scoria of Metals, &c. are very hard, and alio Vety brittle, being neb 
ther flexible nor Malleable 3 but may by hammering ot beating be brokeff 
into fmall parts or powders. 

Thirdly,That all Metals ( excepting Cold and Silver , Which dd not 
fo much with the bate fire, unleft afiided by other faline Bodies ) dd 
more or left vitrifie by the drength of fire, that is, ate corroded by a ftp 
line Subdance, which I elfewhere diew to be the true datife of fire 5 anti 
are thereby, as by feveral other JllehftrnuMs ^converted into Scoria $ And 
this is called, calcining of them, by Chimids. Thus Iron and Copper by 
heating and quenching do turn all of them by degrees i nto Scoria , which 
are evidently vitrified Subdances, and unite with Glatfs, and are eafily 
fuflble , and when cold, very hard, and very brittle. 

Fourthly, That mod kind of Vitrifications or Calcinations ate made by 
Salts, uniting and incorporating with the metalline Particles. Nor do I 
know any one calcination Wherein a Saline body may not. With very 
great probability, be laid to be art ageftt Or coad jutof; 

Fifthly, That Iron is converted into Steel by fiiearia of the IrlcOtpOfsP 
lion of certain falts, with which it is kept a certain time in the firef 
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Sixthly, That any Iron may, in a very little time, be cafe hardned , as 
the Trades-men call it, by cafing the iron to be hardned with clay, and 
putting between the clay and iron a good quantity of a mixture oi'Vrinc, 
Soot) Sea-falt^ and Horjes hoofs (all which contein great quantities of Sa¬ 
line bodies) and then putting the cafe into a good flrong fire, and keep¬ 
ing it in a confiderable degree of heat for a good while, and afterwards 
heating, and quenching or cooling it fuddenly in cold water. 

Seventhly,That all kind of vitrify’d fubflances,by being fuddenly cool’d, 
become very hard and brittle. And thence arifes the pretty Thcenomena 
of the Glafs Drops, which I have already further explained in its own 
place. 

Eighthly, That thofe metals which are not fo apt to vitrifie, do not ac¬ 
quire any hardnefs by quenching in water, as Silver, Gold, See. 

Thefe confiderations premis’d, will, I fuppofe, make way for the more 
eafie reception of this following Explication ofthe rh<enomena of hardned 
and temper’d Steel. That Steel is a fubflance made out of Iron, by means 
of a certain proportionate Vitrification of feveral parts, which are fo cu- 
rioufiy and proportionately mixt with the more tough and unalter’d parts 
of the Iron, that when by the great heat of the fire this vitrify’d lub- 
ftance is melted, and confoquently rarify’d, and thereby the pores of 
the Iron are more open, if then by means of dipping it in cold water it 
be fuddenly cold, and the parts hardned, that is, flay’d in that fame de¬ 
gree of Expanfion they were in when hot, the parts become very hard 
and brittle, and that upon the fame account almofl as fmall parcels of 
glafs quenched in water grow brittle, which we have already explicat¬ 
ed. If after this the piece ofSteel be held in feme convenient heat,till by 
degrees certain colours appear upon the furface of the brightned metal, 
the very hard and brittle tone of the metal, by degrees relaxes and be¬ 
comes much more tough and foft, namely, the action of the heat does 
by degrees loofen the parts of the Steel that were before fir cached or fet 
a tilt as it were, and flayed open by each other, whereby they become 
relaxed and fet at liberty, whence fomeof the more brittle interjacent 
parts are thrufl out and melted into a thin skin on the furface ofthe Steel, 
which from no colour increafes to a deep Purple, and fo onward by thefe 
gradations or confecutions. White , Tellovp , Orange , Minium , Scarlet , Ttirple , 
BlevpjWatchet , &c. and the parts within are more conveniently, and pro¬ 
portionately mixt 5 and fo they gradually fubfide into a texture which 
is much better proportion’d and clofer joyn’d, whence that rigidnefle 
of parts ceafes, and the parts begin to acquire their former du&il - 
nefs. 

Now,that ’tis nothing but the vitrify’d metal that flicks upon the furface 
ofthe colour’d body, is evident from this, that if by any means it be fora- 
pedandrubb’d off,the metal underneath it is white and clear^and if it be 
kept longer in the fire, fo as to increafe to a confiderable thicknefs, it 
may, by blows, be beaten offin flakes. This is further confirm’d by this 
obfervable, that that Iron or Steel will keep longer from l ulling which 
is covered with this vitrify’d cafe : Thus alfo Lead will, by degrees, be 

• all 



M I C R O G R A P H f A. 

all turn’d into a litharge 5 for that colour which covers the top being 
fcum’d or fhov’d aAde, appears to be nothing elfe but a litharge or 
vitrify’d Lead. 

This is obfervable alio in fome fort , on Brafs, Copper, Silver, Gold, 
Tin, but is moft confpicuous in Lead: all thole Colours that cover the 
fiirface of the Metal being nothing elfe , but a very thin vitrifi’d part 
of the heated Metal. 

The otherlnfhmce we have, is in Animal bodies, as in Pearls, Mother 
of Pearl-fhels, Oyfter-fhels, and almoft all other kinds of ftony fhels 
whatloever. This have I alio lometimes with pleafure obferv’d even 
in Mufclesand Tendons. Further, if you take any glutinous fubftance 
and run it exceedingly thin upon the fiirface of a lmooth glafs or a po- 
lifht metaline body, you fhall find the like effe&s produced: and in 
general, whercloever you meet with a tranfparent body thin enough, 
that is terminated by reflecting bodies of differing refractions from it, 
there will be a produCHon of thefe pleafing and lovely colours. 

Nor is it neceflary, that the two terminating Bodies fhould be both of 
the fame kind, as may appear by the vitrified Lamina on Steely Lead , and 
other Metals,one furface of which Lamina is contiguous to the fiirface of 
the Metal, the other to that of the Air. 

Nor is it neceflary, that thefe colour’d Lamina fhould be of an even 
thicknefs, that is, fhould have their edges and middles of equal thicknefs* 
as in a Looking-glafs-plate, which circumflance is only requiflte to make 
the Plate appear all of the fame colour } but they may relemble a Lens y 
that is, have their middles thicker then their edges 5 or elfe a double con - 
cave , that is, be thinner in the middle then at the edges 5 in both which 
cales there will be various coloured rings or lines,with differing confecu- 
tions or orders of Colours $ the order of the firft from the middle out¬ 
wards being Red, Yellow, Green, Blew, &Ci And the latter quite con¬ 
trary. 

But further, it is altogether neceflary, that the Plate, in the places 
where the Colours appear, fhould be of a determinate thicknefs: Firft, It 
muft not be more then fuch a thicknefs, for when the Plate is increafed to 
fuch a thicknefs, the Colours ceafe , and befides, I have feen in a thin 
piece of Mnfiovy-glafs , where the two ends of two Plates, which appear¬ 
ing both Angle, exhibited two diftinCc and differing Colours, but 
in that place where they were united, and conftituted one double Plate 
(as I may call it) they appeared tranfparent and colourlefs. Nor, Se¬ 
condly , may the Plates be thinner then luch a determinate cize , for we 
alwayes find, that the very outmoft Rim of thefe flaws is terminated in 
a white and colourlefs Ring. 

Further, in this Produdf ion of Colours there is no need of adetermi-" 
nate Light of fuch a bigneikand no more, nor of a determinate pofltion 
of that Light,that it fhould be on this fide,and not on that Ade $ nor of a 
terminating fhadow, as in the Prifme, and Rainbow, or Water-ball : for 
\ve And, that the Light in the open Air, either in or opt of the Sun-beams, 
and within a Room, either from one or many Windows, produces much 
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the fame effect: only where the Light is brighteft, there the Colours are 
moft vivid . So docs the light of a Candle , colle&ed by a Glafs-balL 
And further , it is all one whatever fide of the coloured Rings be to¬ 
wards the light 3 for the whole Ring keeps its proper Colours from the 
middle outwards in the fame order as I before related , without varying 
at all, upon changing the pofition of the light. 

But above all it is moft obfervable, that here are all kind of Colours 
generated in a pellucid body,where there is properly no fuch refra&ion as 
Des Cartes fuppofes his Globules to acquire a verticity by: For in the 
plain and even Plates it is manifeft, that the fecond refra&ion ( accord¬ 
ing to Des Cartes his Principles in the fifth Sell ion of the eighth Chapter 
of his Meteors ) does regulate and reftore the fuppofed turbinated Glo - 
bules unto their former uniform motion. This Experiment therefore will 
prove fuch a one as our thrice excellent Verulam calls Exper/mentun/Cru- 
cis , ferving as a Guide or Land-mark , by which to direct our courfe in 
the fearch after the true caufe of Colours. Affording us this particular 
negative Information, that for the production of Colours there is not tie*- 
celfary either a great refraCtion, as in the Prifme 3 nor Secondly, a deter¬ 
mination of Light and fhadow, fuch as is both in the Prifme and Glafs- 
ball. Now that we may fee likewife what affirmative and pofitive Inftru- 
Ction it yields,it will be neceffary, to examine it a little more particularly 
and ftriCUy 3 which that we may the better do, it will be requifite to 
premife fomewhat in general concerning the nature of Light and Refra¬ 
ction. 

• And firft for Light,it feems very manifeft, that there is no luminous Bo¬ 
dy but has the parts of it in motion more or lefs. 

Firft, That all kind of fiery burning Bodies have their parts in motion, 
I think, will be very eafily granted me. That the Jpark^ ftruck from a 
Flint and Steel is in a rapid agitation, I have cl fe where made probable. 
And that the Parts of rotten Woodyotten Fifh^ and the like, are alfo in mo¬ 
tion, I think, will as eafily be conceded by thofe,who confider.that thofe 
parts never begin to fhine till the Bodies be in a ftate of putrefaction 3 
and that is now generally granted by all, to be caufed by the motion of 
the parts of putrifying bodies. That the Bononian Jlone fhines no lon¬ 
ger then it is either warmed by the Sun-beams, or by the flame of a Fire 
or of a Candle, is the general report of thofe that write of it, and of 
others that have feen it. And that heat argues a motion of the internal 
parts,is ( as I laid before ) generally granted. 

But there is one Inftance more, which was firft fhewn to the Royal So¬ 
ciety by Mr. Clayton a worthy Member thereof, which does make this Aft 
fertion more evident then all the reft: And that is. That a Diamond be¬ 
ing rub’d , Jlruch or heated in the dark, fhines for a pretty while after, fo 
long as that motion, which is imparted by any of thofe Agents, remains 
fin the fame manner as a Glaft,rubb’d,ftruck,or(by a means which I fhall 
elfe where, mention) heated, yields a lound which lafts as long as the vi¬ 
brating motion of that fonorons body ) feveral Experiments made on 
which Stone, are fince publifhed in a Difcourfe of Colours, by the truly 
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honourable Mr. Boyle. What may be (aid of thofe Ignesfatui that ap¬ 
pear in the niglitj cannot fo well affirm, having never had the opportuni¬ 
ty to examine them my felf, nor to be inform’d by any others that had 
obferv’d them: And the relations of them in Authors are fo imperfed, 
that nothing can be built on them. But I hope I (hall be able in another 
place to make it at lead very probable, that there is even in thole alfo a 
Motion which caufes this efled. That the fhining of Sea-water proceeds 
from the fame caufe, may be argued from this. That it fhines not till ei¬ 
ther it be beaten againd a Rock, or be fome other wayes broken or agi¬ 
tated by Storms, or Oars, or other percujjing bodies. And that the A- 
liimal Energyes or Spirituous agil parts are very aftive in Cats eyes when 
they fhine, l'eems evident enough, becaufe their eyes never fhine but 
when they look very intenlly either to find their prey, or being hunted 
in a dark room, when they feek after their ad verfary, or to find a way to 
efcape. And the like may be faid of the fhining Bellies of Gloworms , 
fince’tis evident they can at pleafure either increafe cr extinguifh that 
Radiation. 

It would be fomewhat too long a work for this place Zetctically to 
examine, and pofitively to prove, what particular kind of motion it is 
that mud be the efficient of Light $ for though it be a motion, yet ’tis 
not every motion that produces it, fince we find there are many bodies 
very violently mov’d, which yet afford not fuch an effed $ and there 
are other bodies, which to our other fenfes, feem not mov’d fo much, 
which yet fhine. Thus Water and quick-filver, and mod other liquors 
heated, fhine not 5 and feveral hard bodies, as Iron, Silver, Brals, Cop¬ 
per, Wood, though very often druck with a hammer, fhine not pre- 
fently, though they will all of them grow exceeding hot 5 whereas rot¬ 
ten Wood, rotten Fifh, Sea water, Gloworms, &c. have nothing of tan¬ 
gible heat in them, and yet (where there is no dronger light to afled the 
SenforyJ they fhine fome of them fo Vividly, that one may make a fhift 
to read by them. 

It would be too long, I fay, here to infert the difeurfive progrefs by 
which I inquir’d after the proprieties of the motion of Light, and there¬ 
fore I fhall only add the refult. 

And, Fird, I found it ought to be exceeding qnic^ fuch as thofe moti¬ 
ons of fermentation and putrefaUion y whereby, certainly, the parts are 
exceeding nimbly and violently mov’d 5 and that, becaufe we find thofe 
motions are able more minutely tofhatter and divide the body,then the 
mod violent heats or menfruunts we yet know. And that fire is nothing 
elfe but fuch a dijjolution of the Burning body, made by the mod nniver - 
fal ntenflruum of all fulphtireous bodies , namely, the Air, we fhall in an 
other place of this Tractate endeavour to make probable. And that, 
in all extreamly hot fbining bodies, there is a very quick motion that 
caufes Light, as well as a more robud that caufes Heat, may be argued 
from the celerity wherewith the bodyes are diflolv’d. 

Next, it mud be a Vibrative motion. And for this the newly mention’d 
Diamond affords us a good argument 5 fince if the motion of the parts did 
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not return,the Diamond muft after many rubbings decay and be wafted; 
but we have no reafon to fufped the latter, eipecially if we confider 
the exceeding difficulty that is found in cutting or wearing away a Di¬ 
amond. And a Circular motion of the parts is much more improbable, 
fince, if that were granted,and they be Suppos'd irregular and Angular 
parts, I fee not how the parts of the Diamond fhould hold fb firmly to¬ 
gether, or remain in the fame fenfible dimensions, which yet they do. 
Next, if they be Globular , and mov’d only with a turbinated motion, I 
know not any caufe that can imprefs that motion upon the pellucid me¬ 
dium , which yet is done. Thirdly, any other irregular motion of the 
parts one amongft another, muft neceflarily make the body of a fluid 
confidence, from which it is far enough. It muft therefore be a Vibra¬ 
ting motion. 

And Thirdly, That it is a very Jbort vibrating motion , I think the in- 
ftances drawn from the Shining of Diamonds will alfo make probable. 
For a Diamond being the hardeft body we yet know in the World, and 
confequently the leaft apt to yield or bend, muft confequently alfo have 
its vibrations exceeding fhort. 

And thefe, I think, are the three principal proprieties of a motion, re- 
quifite to produce the efled call’d Light in the Objed. 

The next thing we are to confider, is the way or manner of the traje- 
Bion of this motion through the interpps’d pellucid body to the eye: 
And here it will be eafily granted, 

Firft, That it muft be a body fafceptible and impartible of this motion 
that will deferve the name of a Tranfparent. And next, that the parts of 
fuch a body muft be Homogeneous , or of the fame kind. Thirdly, that the 
conftitution and motion of the parts muft be fuch, that the appulfe of the 
luminous body maybe communicated or propagated through it to the 
greateft imaginable diftance in the leaft imaginable time 5 though I fee 
no reafon to affirm, that it muft be in an inftant: For I know not any one 
Experiment or observation that does prove it. And, whereas it may be 
objeded, That we fee the Sun rifen at the very inftant when it is above 
the fenfible Horizon, and that we fee a Star hidden by the body of the 
Moon at the fame inftant, when the Star, the Moon, and our Eye are all 
in the fame line 5 and the like Obfervations, or rather fuppofitions, may 
be urg’d. I have this to anfwer. That I can as eafily deny as they affirm^ 
for I would fain know by what means any one can be aflured any more 
of the Affirmative, then I of the Negative. If indeed the propagation 
were very flow, tis poflible Something might be difcovered by Eclyp¬ 
fes of the Moon 5 but though we fhould grant the progrefs of the light 
from the Earth to the Moon, and from the Moon back to the Earth a- 
gain to be full two Minutes in performing, I know not any poflible 
means to difcover it 5 nay, there may be feme inftances perhaps of Ho¬ 
rizontal Eclypfes that may feem very much to favour this fuppofition of 
the flower progreflion of Light then moft imagine* And the like may 
be laid of the Eclypfes of the Sun, &c. But of this only by the by. 
Fourthly, That the motion is propagated every way through an Homo¬ 
geneous 
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geneous medium by direct or Jlraight lines extended every way like Rays 
from the center ot a Sphere. Fifth ly, in an Homogeneous medium this mo¬ 
tion is propagated every way with equal velocity , whence neceflarily eve¬ 
ry pulfe or vitration of the luminous body will generate a Sphere, which 
will continually increafe, and grow bigger, juft after the fame manner 
(though indefinitely fwifter) as the waves or rings on the furface of the 
water do (well into bigger and bigger circles about a point of it, where* 
by the finking of a Stone the motion was begun, whence it neceflarily fol¬ 
lows, that all the parts of thefe Spheres undulated through an Homogene¬ 
ous medium cut the Rays at right angles. 

But becaufe all tranfparent mediums are not Homogeneous to one an- 
other,therefore we will next examine how this pulfe or motion will be 
propagated through differingly tranfparent mediums . And here, ac¬ 
cording to the mofc acute and excellent Philofopher Des Cartes , I fup- 
pole the fign of the angle of inclination in the firft medium to be to 
the fign of refrattion in the fecond. As the denfity of the firft, to the 
denfity of the fecond. By denfity, I mean not the denfity in refpedt of 
gravity (with which the refractions or tranfparency of mediums hold no 
proportion) but in refpeft onely to the trajeClion of the Rays of light, irt 
which refpeft they only differ in this, that the one propagates the pulfe 
more eafily and weakly, the other more flowly, but more ftrongly. But 
as for the pulfes themfelves, they will by the refradcion acquire another 
propriety, which we fhall now endeavour to explicate. 

We will fuppofe therefore in the firft Figure AC FD to be a phyfical 
Ray, or AB C and D E F to be two Mathematical Rays, trajeUed froitt 
a very remote point of a luminous body through an Homogeneous tranfpa¬ 
rent medium L L L, and D A, E B, F C, to be fmall portions of the or¬ 
bicular impulfes which muft therefore cut the Rays at right angles, thefe 
Rays meeting with the plain furface N O of a medium that yields art 
eafier tranfetus to the propagation of light, and falling obliquely on it,‘ 
they will in the medium M M M be refra&ed towards the perpendicular 
of the furface. And becaufe this medium is more eafily traje&ed thert 
the former by a third, therefore the point C of the orbicular pulfe F C 
will be mov’d to H four fpaces in the fame time that F the other end of 
it is mov’d to G three fpaces, therefore the whole refrafted pulfe G H 
fhall be oblique to the refradted Rays C H K and G 1 5 and the angle G H C 
fhall be an acute, and fo much the more acute by how much the greater 
the refra&ion be, then which nothing is more evident, for the fign of the 
inclination is to be the fign of refra&ion as G F to T G the. diftance be¬ 
tween the point C and the perpendicular from G on C K, which being as 
four to three, H C being longer then G F is longer alio then T C, there¬ 
fore the angle G H C is lefs than G T C. So that henceforth the parts of 
the pulfes G H and IK are mov’d afeew, or Cut the Rays at oblique 
angles. 

It is not my bufineft in this place to fet down the reafbns why this or 
that body fhould impede the Rays moie,others left: as why Water fhould 
tranfmit the Rays more eafily, though more weakly than air. Onely thus 
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much in general I fhall hint,that I fuppofe the medium M M M to have lefs 
of the tranfparent undulating fubtile matter, and that matter to be lefs 
implicated by it, whereas L L L I fuppofe to contain a greater quantity 
of the fluid undulating (ubftance,and this to be more implicated with the 
particles of that medium . 

But to proceed, the lame kind of obliquity of the Pulles and Rays will 
happen alio when the refra&ion is made out of a more eafie into a more 
difficult medium as by the calculations of G Qjk C S R which are refra&ed 
from the perpendicular. In both which calculations ’tis obvious to obferve, 
that always that part of the Ray towards which the refradlion is made 
has the end of the orbicular pulfe precedent to that of the other fide. And 
always,the oftner the refra&ion is made the lame way,Or the greater the 
Angle refra&ion is, the more is this unequal progrcls. So that having 
found this odd propriety to be an infeparable concomitant of a refra&ea 
Ray, not ftreightned by a contrary refra&ion, we will next examine the 
refra&ions of the Sun-beams, as they are fuffer’d onely to pafs through a 
finall paflage, obliquely out of a more difficult,into a more eafie medium . 

Let us fuppofe therefore ABC in the fecond Figure to reprelent 
a large Chimical Glajs-body about two foot long, filled with very fair Wa¬ 
ter as high as A B, and inclin’d in a convenient pofture with B towards 
the Sun : Let us further luppole the top of it to be cover’d with an opa - 
cons body, all but the hole a b, through which the Sun-beams are fufler’d 
to pals into the Water,and are thereby refra&ed toe de /,againft which 
part, if a Paper be expanded on the outfide, there will appear all the co¬ 
lours of the Rain-bow, that is, there will be generated the two principal 
colours, Scarlet and Bine, and all the intermediate ones which arife from 
the compofition and dilutings of thefe two, that is, c d (hall exhibit a 
Scarlet , which toward d is diluted into a Yellow , this is the refra&ion of 
the Ray, i 4, which comes from the underfide of the Sun} and the Ray 
e f (hall appear of a deep Blue, which is gradually towards e diluted in¬ 
to a pale Watchet-blue. Between d and e the two diluted colours. Blue 
and Yellow are mixt and compounded into a Green 5 and this I imagine to 
be the reafon why Green is fo acceptable a colour to the eye, and that 
either of the two extremes are, if intenfe, rather a little oflenltve, name¬ 
ly, the being plac’d in the middle between the two extremes, and com¬ 
pounded out of boththofe, diluted allb, or lomewhat qualifi’d, for the 
compofition, arifing from the mixture of the two extremes undiluted, 
makes a Purple,which though it be a lovely colour,and pretty acceptable 
to the eye, yet isit nothing comparable to the ravifhing pleafure with 
which a curious and well tempered Green affects the eye. If removing 
the Paper, the eye be plac’d againfl: c d , it will perceive the lower fide 
of the Sun (or a Candle at night which is much better, becaufe it oflends 
not the eye, and is more eafily manageable) to be of a deep Red, and if 
againft e f it will perceive the upper part of the luminous body to be of 
a deep Blue > and thefe colours wiJJ appear deeper and deeper, accord- 
ingastheRaysfrom the luminous body foil more obliquely on the fur- 
foce of the Water, and thereby fuller a greater refra&ion, and the 
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more diftintt, the further c def is removed from the tra jetting hole. 

So that upon the whole, we lhall find that therealon of the Ph£nome - 
na feeihs to depend upon xhccbliquity of the orbicular puljeyo the Lines of 
Radiation,and in particular,that the Rayc d which conffitutes the^c^r- 
let has its inner parts, namely thofe which are next to the middle of the 
luminous body, precedent to the outeritioft which are contiguous tb the 
dark and unradidting fkie. And that the Ray ef which gives a Blue , has 
its outward part,namely, that which is contiguous to the dark fkie prece¬ 
dent to the pulfe from the irinermoff, which borders on the bright area 
of the luminous body* 

We may obferve further,that the caufe ofthe diluting of the colours to¬ 
wards the middle.proceeds partly from the widened of the hole through 
which the Rays pals, whereby the Rays from leveral parts of the lumi¬ 
nous body, fall upon many of the fame parts between c and/as is more 
manifeft by the Figure: And partly alio from the nature of the refrattion - 
it fell, for the vividncls or ffrength of the two terminating colours, arifing 
chiefly as we have feen, from the very great difference that is betwixt the 
outfides of thole oblique Undulations & the dark Rays circumambicnt,and 
that difparity betwixt the approximate Rays,decaying gradually : the fui> 
ther inward toward the middle of the luminous body they are remov’d, 
the more muff-the colour approach to a white of anundiffurbed light. 

Upon the calculation of the refrattion and reffettion from a Ball of 
Water or Glals,we have much the latne Phenomena ^namely,an obliquity of 
the undulation in the lame manner as we have found it here. Which, be- 
caule it is very much to our prefent pulpofe, and affords fuch an Injlancia 
cruets , as no one that I know has hithCrtb taken notice of, I (hall further 
examine. For it does very plainly and pbfitiV&yHfiftinguilh, and fhew, 
which of the two Hypotkejesyhhcv the Cartejian or this is to be followed, 
by affording a generation of all the colors in the Rainbow, Where accord¬ 
ing to the Cartefian Principles there Ihould be none at all generated. And 
fecondly, by affording an inffance that does more clofely confine the 
caufe of thefe Phenomena of Colours to this prelent Hypothecs. 

And firft,for the Cartejianyve have this to objett agaihff it,That whereas 
he lays (Mcteorum Cap.S.Sctf.'yJScdjuduabam uni‘cam(refra&ione feilicet) 
ad minima requiri.^ quidem talem nt ejds ejjc&us alia contraria (yefraffi- 
one)non dejlruatoir Nam expertentia docet fifuperficies N M & N P (nempe 
refringentes ) Parallel£ forent y radios tantundem per alteram iternrn ereCtos 
quantum per unamfrangerenturyiullos colores depitturos } This Principle of 
his holds true indeed in aprifme whefe the refratting furfacesare plain, 
but is contraditted by the Ball or Cylinder, whether of Water orGlals, 
where the refratting furfaces are Orbicular or Cylindrical. For if we ex¬ 
amine the paflage of any Globule or Ray ofthe primary /w,wc lhall find 
it to pafs out of the Ball or Cylinder again, with the lame inclination and 
refrattion that it enter’d in withal], and that that laft refrattion by means 
of the intermediate reffettion lhall be the lame as if ivithout any 
reffettion at all the Ray had been twice refratted by tW 7 o Parallel 
furfaces. ,v :-i. ■ > - • J • " , 
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And that this is true, not onely in one, but in every Ray that goes to 
the conftitution of the Primary Iris $ nay, in every Ray, that fuffcrs only 
two refraXions.and one refleXion, by the furface of the round body, we 
(hall prefently fee moft evident, if we repeat the Cartefian Scheme , men¬ 
tioned in the tenth Settion of the eighth Chapter of his Meteors , where 
E F K N P in the third Figure is one of the Rays of the Primary Iris, 
twice refraXed at F and N, and once refleXed at K by the furface of the 
Water-ball. For, firftitis evident, that KF and KN are equal, becaufe 
K N being the refleXed part of K F they have both the fame inclination 
on the furface Kthat is the angles F K T, and NKV made by the two 
Rays and the Tangent of K are equal,which is evident by the Laws of re¬ 
flexion 5 whence it will follow alfo, that K N has the fame inclination on 
the furface N, or the Tangent of it X N that the Ray K F has to the fur¬ 
face F, or the Tangent of it F Y, whence it muft neceflarily follow,that 
the refraXions at F and N are equal, that is, KF E and KN P are equal. 
Now, that the furface N is by the refleXion at K made parallel to the fur¬ 
face at F, is evident from the principles of refleXion 5 for refleXion being 
nothing but an inverting of the Rays,if we re-invcrtthe Ray KN P, anil 
make the fame inclinations below the line T K V that it has above, it will 
be moft evident, that K H the inverfe of K N will be the continuation of 
the line F K, and that L H I the inverfe of O X is parallel to F Y. And 
HM the inverfe of NP is Parallel to EF for the angle KHI is equal 
to K N O which is equal to K F Y, and the angle K H M is equal to K N P 
which is equal to K F E which was to be prov’d. 

So that according to the above mentioned Cartefian principles there 
fliould be generated nQ colour at all in a Ball of Water or Glafs by two 
refraXions and one refl^ffion, which does hold moft true indeed, if the 
forfaces be plain, as may be experimented with any kind of prifme where 
the two refraXing furfaccs are equally inclin’d to the reflecting ^ but in 
this the Phenomena are quite otherwife. 

The caufe therefore of the generation of colour muft not be what Des 
Cartes afligns, namely, a certain rotation of the Globttli Atherei, which are 
the particles which he fuppofes to conftitute the Yelhicjd medium, But 
fomewhat elfe, perhaps what we have lately fuppofed, and fliall by and 
by further profecute and explain. 

But,Pirft I fhall crave leave to propound feme other difficulties of his, 
notwithftanding exceedingly ingenious Hypothefis, which I plainly confefs 
to me feem fuch$ and thofeare, 

Firft, if that light be (as is affirmed, Diopt. cap. 1. $. 8.) not fo pro¬ 
perly a motion, r as an aXion or propenfion to motion, I cannot conceive 
how the eye can come to be fenfible of the verticity of a Globule , which is 
generated in a drop of Rain, perhaps a mile off from it. For that Globule is 
not carry d to the eye according to his formerly recited Principle^ and if 
not fo,I cannot conceive how it can communicate its rotation, or circular 
motion to the line of the Globules between the drop and the eye. It can- 
hot be by means of every ones turning the next before him ^ for if fo, then 
onely all the Globules that are in the odd places muft be turned the fame 
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way with the firft, namely, the 3. 5. 7. 9. n,e^c. but all the Globules 
interpolated between them in the even places $ namely,the 2.4.6.8.10.^^. 
muft be the quite contrary 5 \vhence, according to the Cartefian Hypothefis 9 
there muft be no diftindt colour generated, but a confujfion. Next,fince 
the Cart eft an Globuli arefuppos’d (Principiorum Philofiph. Part. 3. $.86.) 
to be each of them continually in motion about their centers, I cannot 
conceive how the eye is able to diftinguifh this new generated motion 
from their former inherent one, if I may lo call that other wherewith they 
are mov’d or turbinated , from fbme other caufe than tefradiion. Ana 
thirdly, I cannot conceive how thefe motions fhould not happen fome- 
times to oppofe each other, and then, in ftead of a rotation , there would 
be nothing but a diredt motion generated, and confequently no colour. 

And fourthly, 1 cannot conceive, how by the Cartefian Hypothecs it is po£ 
fible to give any plaufible reafon of the nature of the Colours generated 
in the thin lamin£ of thefe our Microfcopical Qbfervations $ for in many of 
thefe, the refradiing and refiedting fuffaces are parallel to each other,and 
confequently no rotation can be generated, nor is there any neceffity of 
a fhadow or termination of the bright Rays, fuch as is fuppos d (chap, 8. 

§.5. Etpreterea obfervavi nmbram quoque^aut limitationem lumink rcquiri : 
and chap . 8. $. 9.) to be neceflary to the generation of any diftindt co¬ 
lours 5 Befidesthat, here is oftentimes one colour generated without any 
of the other appendant ones, which cannot be by the Cartefian Hy¬ 
pothecs. 

There muft be therefore fome other propriety of refradtion that caufes 
colour. And upon the examination of the thing, I cannot conceive any 
one more general, infeparable, andfufficient, than that which I have be¬ 
fore afiign d. That we may therefore fee how exadtly our Hypothefs 
agrees alfb with the Phanomeka of the refradiing round body, whether 
Globe or Cylinder 9 we fhall next fubjoyn our Calculation or Ex amen 
of it. 

And to this end, we will calculate any two Rays: as for inftance 5 let schm. 
EF be a Ray cutting the Radius C D (divided into 20. parts) in C t6, Fi i 3* 
parts diftant from C, and ef another Ray, which cuts the fame Radius 
in£ 17. parts diftant,thefe will be refradfcd to K and 4 , and from thence 
refiedfedtoN and *?, and from thence reffadfed toward P and p 5 there¬ 
fore the Arch Ff will be 5. d 5'. The Arch F K. io6. d 30'. the Arch f 4 
ioi. d 2*. The line F G 6oco.and /g 5267. therefore £/ 733. therefore 
F c 980, almoft. The line F K 16024. and f 4 15496. therefore N d 196. 
and n 0 147 almoft, the line N n 1019 the Arch N n 5. d 51'. therefore 
the Angle N#ois 34* 43'. therefore the Angle N 0 n, is 139. 4 56'. 
which is almoft 50. d more than a right Angle. 

It is evident therefore by this Hypothefs , that at the fame time that *f 
touches /EF is arrived at c. And by that time e/ 4 # is got to n 9 
E F K N is got to d, and when it touches N, the pulfe of the other Ray 
is got to o . and no farther, which is very fhort of the place it fhould have 
arriv’d to,to make the Ray n p to cut the orbicular pylfe, N 0 at right 
Angles: therefore the Angle N op is an acute Angle, but the quite con« 
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t’rary of this will happen,if I7.and 18.be calculated in ftead of i6.and 17. 
both which does moft exadly agree with the Th<enomena : For if the Sun, 
or a Candle (which is better) be placed about E e, and the eye about 
p h the Rays E F efzti6. and 17. will paint the fide of the luminous 
objed toward np Blue^ and towards N P Red. But the quite contrary will 
happen when E F is 17. and ef 18. for then towards N P (hall be a Blue , 
and towards np a Red , exadly according to the calculation. And there 
appears the Blue of the Rainbow, where the two Blue fides of the two 
Images unite, and there the Red where the two Red fides unite, that is, 
where the two Images are juft difappearing , which is, when the Rays 
E F and N P produc’d till they meet,make an Angle of about 41. and an 
half $ the like union is there of the two Images in the Produdion of the 
S camdary Iris ^ arid the fame caufes, as upon calculation may appear 5 
onely with this difference, that it is fomewhat more faint, by reafon of the 
duplicate refledion, which does always weaken the impulfe the oftner 
it is repeated. 

Now, though the tecond refradion made at N# be convcnient,that is, 
do make the Rays glance the more, yet is it not altogether requifite 3 for 
it is plain from the Calculation, that the pulfe dn is fufiiciently oblique to 
the Rays K N and 4 tf 3 as wel as the pulfe/V is oblique to the Rays F K J^. 
And therefore if a piece of very fine Paper be held clofe againft N n and 
the eye look on it either through the Balias from D, or from the other 
fide, as from B. there (hall appear a Rainbow, or colour’d line painted on 
it with the part toward X appearing Red , towards O, Blue ^ the lame alfo 
(hall happen, if the Paper be placed about K 4 , for towards T fhall ap¬ 
pear a Red , and towards V a Blue , which does exad ly agree with this my 
Hypothecs , as upon the calculation of the progrefs of the pulfe will moft 
eafily appear. 

Nor do thefe two obfervations of the colours appearing to the eye a- 
bout p differing from what they appear on the Paper at N contradid each 
Other 5 but rather confirm and exadly agree with one another, as will be 
evident to him that examines the reafons fet down by the ingenious. 
Des Cartes in the 12. Sett, of the 8. chapter of hk Meteors , where he 
gives the true reafon why the colours appear of a quite contrary order 
to the eye, to what they appear’d on the Paper if the eye be plac’d in 
(feed of the Paper : And as in the Prifme, fo alfo in the Water, Drop, or 
Globe the Phamomena and reafon are much the fame. 

Having therefore fhewn that there is foch a propriety in the prifaic 
and water Globule whereby the pulfe is made oblique to the progreflive, 
and that fo much the more, by how much greater the refradion is, I fhall 
in the next place confider, how this conduces to the produdion of co¬ 
lours, and what kind of imprefiion it makes upon the bottom of the eye 5 
and to this end it will be requifite to examine this Hypothefis a little more 
particularly. 

Firft therefore, if we confider the manner of the progrefs of the pulfe, 
it will feem rational to conclude, that that part or end of the pulle which 
precedes the other,muft neceflarily be fomwhat more obtimdedqox impeded 
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by the refinance of the tranfparent medium, than the other part or end of 
it which is fubfequent, whofe way is, as it were, prepared by the other 3 
efpecially if the adjacent medium be not in the lame manner eiilightned 
or agitated. And therefore(in the fourth Figure of the fixth Icomfmjt he 
Ray A A A H B will have its fide H H more deadned by the refiftance 
of the dark or quiet medium P P P, Whence there will be a kind of dead- 
nefs fuperinduc'd on the fide H H H, which will continually increafe from 
B, and ftrike deeper and deeper into the Ray by the line BR3 Whence 
all the parts of the triangle, R B H O will be of a dead Blue colour, and 
lb much the deeper, by how much the nearer they lie to the line B H H, 
which is moft deaded or impeded, and fo much the more dilute , by how 
much the nearer it approaches the line B R. Next on the other fide of 
the Ray A A N, the end A of the pulfe A H will be promoted, or made 
ftronger, having its paflage already prepar’d as ’twere by the other parts 
preceding,and lb its impreflien wil be ftronger; And becaufe of its 
ty to the Ray,there will be propagated a kind of faint motion into Q_Q. 
the adjacent darker quiet medium , which faint motion will fpread fur¬ 
ther and further into Q_Q_ as the Ray is propagated further and further 
from A,namely,as far as the line M A,whence all the triangle MAN will 
be ting’d with a Red , and that Red will be the deeper the nearer it ap¬ 
proaches the line M A, and the paler oz yellower the nearer it is the line 
N A. And if the Ray be continued,fo that the lines A N and B R (which 
are the bounds of the Hr^and Blue diluted ) do meet and croft each other, 
there will be beyond that interfedion generated all kinds of Greens, 

Now.thefe being the proprieties of every fingle refra&ed Ray of light, 
it will be eafte enough to confider what muft be the reftik of very many 
luch Rays collateral: As if we fuppofe infinite fuchRays interjacent be¬ 
tween A K S B and A N OB, which are the terminating: For in this cafe 
the Ray A K S B will hate its Red triangle intire,as lying next to the dark 
or quiet medium , but the other fide of it BS will have no Blue, becaufe 
the medium adjacent to it SB Q,is mov’d or en light ned^and confequent- 
ly that light does deftroy the coIoue. So likewife will! the Ray A N O B 
lofe its Ke^becaufe the adjacent medium is mov’d or enlightned,but the 
other fide of the Ray that is adjacent to the dark, namely, A H O will 
preferve its Blue entire, and thefe Rays muft be fb far produc’d as till 
A N and B R cut each other, before there will be any Green produc’d. 
From thefe Proprieties well confider’d, may be deduc’d the realons of all 
the Fhanomenaoi the prifme, and of the Globules or drops of Water which 
conduce to the production of the Rainbow. 

Next for the impreflien they make on the Retina, We will further ex¬ 
amine this Hypothecs : Suppofe therefore A RC D E F.in the fifth Figure , 
toreprefent the Ball of the eye: on the Cornea of which ABC two 
Rays G A C H and K C AI (which are the terminating Rays of a lumi¬ 
nous body) falling, are by the refraCtion thereof colle&ed or converg'd 
into two points at the bottom of the eye. Now, becaufe thefe termi¬ 
nating Rays, and all the intermediate ones which come from any part of 
the luminous body, are fupposd by feme fufficient refraftion before they 
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enter the eye, to have their pulfes made oblique to their progreffion, and 
confequently each Ray to have potentially fuperinducd two proprieties, 
or colours,^. a Red on the one fide, and a Blue on the other, which not- 
withftanding are never actually manifeft,butwhen this or that Ray has the 
one or the other fide of it bordering on a dark or unmov” d mediumfhere- 
fore as fbon as thefe Rays are entred into the eye.and lb have one fide of 
each of them bordering on a dark part of the humours of the eye, they 
will each of them a&ually exhibit iome colour 5 therefore ADC the pro¬ 
duction G A C H will exhibit a £/ae,becaufe the fide C D is adjacent to the 
dark mediumC Q_D C,but nothing of a iW,becaufe its fide A D is adjacent 
to the enlightned medium A D F A : And all the Rays that from the points 
of the luminous body are colle&ed on the parts of the Retina between D 
and F fhall have their Blue fo much the more diluted by how much the far¬ 
ther thefe points of collection are diftant from D towards F 5 and the Ray 
AFC the production of K C A I, will exhibit a Red , becaufe the fide A F 
is adjacent to the dark or quiet medium of the eye A P F A, but nothing 
of a B /#e,becaufe its fide C F is adjacent to the enlightned medium C F D C, 
and all the Rays from the intermediate parts of the luminous body that 
are collected between F and D fhall have their Redfo much the more di¬ 
luted, by how much the farther they are diftant from F towards D. 

Now,becaufe by the refraCtion in the Cornea^ and lome other parts of the 
eye, the fides of each Ray, which before werealmoft parallel, are made 
to converge and meet in a point at the bottom of the eye, therefore that 
fide of thej Oulfe which preceded before thefe refraCHons, fhall firft touch 
the Retina, and the other fide laft. And therefore according as this or 
that fide, or end of the pulfe fhall be impeded, accordingly will the im- 
prejjions on the Retina be varied * therefore by the Ray G A C H re- 
fraCted by the Cornea to D there fhall be on that point a ftroke or impref- 
fion confus'd, whofe weakeft end, namely, that by the line C D fhall pre¬ 
cede, and the ftronger, namely, that by the line A D fhall follow. And 
by the Ray K C AI refraCted to F, there fhall be on that part a confus’d 
ftroke or impreffion,whofe ftrongeft part,namely,that by the line C F fhal 
precede, and whofe weakeft or impeded, namely, that by the line A F 
fhall follow, and all the intermediate points between F and D will re¬ 
ceive impreffion from the converg'd Rays fo much the more like the im- 
preffions on F and D by how much the nearer they approach that 
or this. 

From the confideration of the proprieties of which impreffion$,we may 
colleCt thefe fhort definitions of Colours ; That Blue if an imprejjion on 
the Retina of an oblique and confus’d pulfe of lights whofe weakeft part pre¬ 
cedes , and whofeftrongeft follows. And, that Red is an imprejjion on the Re¬ 
tina of an oblique and confus’d pulfe of light , whofe ftrongeft part precedes^and 
whofe weakeft follows. 

Which propricties,as they have been already manifefted,in the’Prifnie 
and falling drops of Rain, to be the caufes of the colours there generated, 
may be eafily found to be the efficients alfo of the colours appearing in 
thin laminated tranfparent bodies* for the explication of which,all this has 
.been premifed* And 
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And that this is fo, a little clofcr examination of the Phenomena and 
the Figure of the body, by this Hypothefis, will make evident. 

For firft (as we have already obferved) the laminated body muft be 
of a determinate thicknefs, that is, it muft not be thinner then fuch a de¬ 
terminate quantity3 for I have always obfervd, that neer the edges 
of thofe which are exceeding thin, the colours difappear, and the part 
grows white 3 nor muft it be thicker then another determinate quantity 3 
fori have likewife obferv’d, that beyond fuch a thicknefs,no colours ap¬ 
pear’d, but the Plate looked white, between which two determinate 
thicknefles were all the colour’d Rings3 of which in fome fubftances I 
have found ten or twelve, in others not half fo many, which I fuppofe de¬ 
pends much upon the tranfparency of the laminated body. Thus though 
the confecutions are the fame in the fcumm or the lkin on the top of me¬ 
tals 3 yet in thofe confecutions the fame colour is not fo often repeated 
as in the confecutions in thin Glals, or in Sope-water, or any other more 
tranfparent and glutinous liquor 5 for in thefe I have obferv’d > Red, Fel¬ 
low, Green , Blue , Purple 3 Re djCcl/ow,Green,Blue, Purple 3. Red,Fellow,Green , 
Blue, Purple 3 Red, Fellow , &c. tofucceed each other,ten or twelve times, 
but in the other more opacous bodies the confecutions will not be half 
fo many. 

And therefore fecondly,the laminated body muft be tranfparent, and 
this I argue from this, that I have not been able to produce any colour 
at all with an opacous body,though never fo thin. And this I have often 
try’d, by prefling a fmall Globule of Mercury between two fmooth Plates 
of Glafs, whereby I have reduc’d that body to a much greater thinnefs 
then was requifite to exhibit the colours with a tranfparent body. 

Thirdly,there muft be a confiderable reflecting body adjacent to the 
under or further fide of the latniiia or plate : for this I always found,that 
the greater that refle&ion was, the more vivid were the appearing 
colours. 

From which Obfervations,it is moft evident.that the reflexion from the 
under or further fide of the body is the principal caufe of the production of 
thefe colours 5 which,that it is fo,and how it conduces to that effeCt,I fhall 
further explain in the following Figure,which is here defcribed of a very 
great thicknefs, as if it had been view’d through the Microfcope 3 and ’tis 
indeed much thicker than any Microfcope (I have yet us’d)has been able to 
fhew me thofe colour’d plates of Glafs, or Mufiovie-glafs , which I have not 
without much trouble view’d with it 3 for though I have endeavoured to 
magnifie them as much as the Glafles Were capable of, yet are they fo ex¬ 
ceeding thin, that I have not hitherto been able pofitively to determine 
their thicknefs. This Figure therefore I here reprefent, is wholy Hy¬ 
pothetical. 

Let ABCDHFE in the fixth Figure be a frufium of Mufcovy-glafs, 
thinner toward the end A E, and thicker towards D F. Let us firft fup¬ 
pofe the Ray agh b coming from the Sun, or fome remote luminous 
objeCt to fall obliquely on the thinner plate B A E, part therefore is re¬ 
flected back, by eg h d, the firft Superficies 3 whereby the perpendicular 
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pulfe a b is after reflection propagated by c d , c d , equally remote from 
each other with ab , a b 0 fo that ag + £e, or b h + h d are either of 
them equal to a a, as is alfo c c, but the body B A E being tranfparent,a 
part of the light of this Ray is refraCted in the furface AB, and propa¬ 
gated by g i kh to the furface E F, whence it is reflected and refraCted 
again by the furface A B. So that after two refractions and one reflection, 
there is propagated a kind of fainter Ray e mnf whofe pull'e is not on¬ 
ly weaker by reafon of the two refraCtions in the furface A B, but by rea- 
fon of the time fpent in palling and repafiing between the two furfaces 
AB and EF, ef which is this fainter or weaker pulfe comes behind the 
pulfe c d 3 fo that hereby (the furfaces A B, and E F being fo neer toge¬ 
ther, that the eye cannot difcriminate them from one) this confus’d or 
duplicated pulfe, whole ftrongeft part precedes, and whofe weakeft fol¬ 
lows, does produce on the Retina (or the optick^ verve that covers the 
bottom of the eye) thefenfationofaTeZW. 

And fecondly, this Teliow will appear fo much the deeper, by how 
much the further back towards the middle between c d and c d the fpu- 
rious pulfe ef is remov’d, as in 2 where the furface B C being further 
remov’d from E F, the weaker pulfe ef will be nearer to the middle, and 
will make an impreffion on the eye of a Red . 

But thirdly, if the two reflecting furfaces be yet further remov’d afun- 
der r (as in 3 CD and E F are) then will the weaker pulfe be fo farr 
behind, that it will be more then half the diftance between c d and cd. 
And ip this cafe it will rather feem to precede the following ftronger 
pulfe, then to follow the preceding one, and confequently a Blue will be 
generated. And when the weaker pulfe is juft in the middle beween two 
ftrong ones, then is a deep and lovely Purple generated 5 but when the 
weaker pulfe ef is very neer to c d , then is there generated a Green , 
which will be bluer , or yellower^ according as the approximate weak pulfe 
does precede or follow the ftronger. 

Now fourthly, if the thicker Plate chance to be cleft into two thinner 
Plates, as CDFE is divided into two Plates by.the furface GH then 
from the compofition arifing from the three reflexions in the furfaces 
C D, G H, and E F, there will be generated feveral compounded or mixt 
colours, which will be very differing, according as the proportion be¬ 
tween the thicknefles of thole two divided Plates CDHC, and G H F E 
are varied. 

And fifthly, if thefe furfaces C D and F E are further remov’d afunder, 
the weaker pulfe will yet lagg behind much further, and not onely be 
coincident with the fecond, c d, but lagg behind that alio, and that fo 
much the more, by how much the thicker the Plate be 5 fo that by de¬ 
grees it will be coincident with the third c d backward alfo, and by de¬ 
grees, as the Plate grows thicker with a fourth, and fo onward to a fifth, 
fixth, leventh, or eighth 3 fo that if there be a thin tranfparent body,that 
from the greateft thinnefs requifite to produce colours, does, in the man¬ 
ner of a Wedge,by degrees grow to the greateft thicknefs that a Plate can 
be of,to exhibit a colour by the reflection of Light from fuch a body,there 
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(hall be generated feveral confecutions of colours, whofe order from the 
thin end towards the thick, (hall be Tellow.Red^ Purple , Blue fir cen 5 Yellow , 
Rtdfiurplcfiluefireen 5 Bellow (Re d^Purple^ Blue fir een^ Bellow fiz. and thefe 
lo often repeated, as the weaker pulfe does lofe paces with its Primary 5 
or firft pulfe, and is coincident with a fecond, third, fourth,fifth,fixth ; dv. 
pulfe behind the firft. And this, as it is coincident , or follows from the 
firft Hypothecs I took of coIours,fo upon exeriment have 1 found it in mul¬ 
titudes of inftancesthat feem to prove it. One thing which feems of the 
greateft concern in this Hypothec's, is to determine the greateft or leaft 
thicknefs requifite for thefe effects, which, though I have not been want¬ 
ing in attempting, yet (b exceeding thin are thefe coloured Plates, and (b 
imperfedt our Microfcope, that I have not been hitherto fuccefsfulhthough 
if my endeavours (hall anfwer my expedations,I (hall hope to gratifie the 
curious Reader with feme things more remov'd beyond our reach 
hitherto. 

Thus have I,with as much brevity as I was able, endeavoured to expli¬ 
cate (Hypothetically at leaft) the caufes of the Phenomena I formerly re¬ 
cited, on the confideration of which I have been the more particular. 

Firft, becaufe I think thefe I have newly given are capable of expli¬ 
cating all the Phenomena of colours, not onely of thofe appearing in the 
Prifme , Water-drop, or Rainbow, and in laminated or plated bodies, but 
of all that are in the world, whether they be fluid or (olid bodies, whe¬ 
ther in thick or thin, whether tranfparent, or feemingly opacous, as l 
(hall in the next Obfervation further endeavour to (hew. And fecondly, 
becaufe this being one of the two ornaments of all bodies difeoverable 
by the fight, whether looked on with, or without a Microfcope , it feem’d 
to deferve (fomewhere in this Tract, which contains a defeription of the 
Figure and Colour of feme minute bodies) to be fomewhat the more in¬ 
timately enquir’d into* 


Obfcrv. X. Of Metalline, and other real Colours. 

H Aving in the former Difeourfe, from the Fundamental caufe of Co¬ 
lour, made it probable, that there are but two Colours, andfhewn, 
that the Thantajm of Colour is caus'd by the fenfation of the oblique or 
uneven pulfe of Light which is capable of no more varieties than two 
that arife from the two (ides of the oblique pulfe, though each of thofe 
be capable of infinite gradations or degrees (each of them beginning 
from White , and ending the one in the deepeft Scarlet or Bellow , the other 
in the deepeft Blue') I (hall in this Se&ion fet down fome Obfervations 
which I have made of other colours, fuch as Metalline powders tinging 
or colour d bodies and feveral kinds of tindfures or ting'd liquors, all 
which, together with thofe I treated of in the former Obfervation will, 
I fuppofe, ccmprife the feveral fubjedts in which colour is obferv’d to 
be inherent, and the feveral manners by which it inheres , or is apparent 
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in them. And here I ihall endeavour to fhew by what compofition all kind 
of compound colours are made, and how there is no colour in the world 
but may be made from the various degrees of thefe two colours, together 
with the intermixtures of Blac k^and White. 

And this being fo, as I Ihall anon fhew, it feems an evident argument 
to me, that all colours whatfoever, whether in fluid or folid, whether 
in very tranfparent or Teeming ly op aeons, have the fame efficient caufe, 
to wit, fome kind of refraBion whereby the Rays that proceed 
from fuch bodies, have their pulfe obliquated or confus’d in the manner I 
explicated in the former SeBion $ that is, a Red is caus’d by a duplicated 
or confus’d pulfe, whofe ftrongeft pulfe precedes,and a weaker follows : 
and a Blue is caus’d by a confus’d pulfe,where the weaker pulfe precedes, 
and the ftronger follows. And according as thefe are, more or left, or 
varioufly mixtand compounded, fo are the fenfations,aud confequently 
the phantafms of colours diverfified. 

To proceed therefore $ I fuppofe, that all tranfparent colour’d bodies, 
whether fluid or folid, do confift at leaft of two parts, or two kinds of 
fobftances, the one of a fubftance of a fomewhat differing refraBion from 
the other. That one of thefo fobftances which may be call’d the tinging 
fubftance, does confift of diftinff parts, or particles of a determinate big- 
neft which are dijjeminated , or difpers’d all over the other : That thefe 
particles, if the body be equally and uniformly colour’d, are evenly 
rang’d and difpers’d over the other contiguous body 5 That where the 
body is deepeft ting’d, there thefe particles are rang’d thiekeft $ and 
where ’tis but faintly ting’d, they are rang’d much thinner, but uniformly. 
That by the mixture of another body that unites with either of thefe, 
which has a differing refra&ion from either of the other, quite differing 
effe&s will be produc’d,that is,the confecutions of the confus'd pulfes will 
be much of another kind, and confoquently produce other fenfations and 
phantafms of colours, and from a Red may turn to a Blue , or from a Blue 
to a Red , &c. 

Now, that this maybe the better underftood, I fhall endeavour to ex¬ 
plain my meaning a little more fenfible by a Scheme: Suppofe we there¬ 
fore in the feventh Figure of the fixth Scheme , that A B C D reprefents a 
Veflel holding a ting’d liquor, let 1 1 111 , 8 cc. be the clear liquor,and let 
the tinging body that is mixt with it be E E, &c. F F, &c. G G, &c. 
H H, &c. whole particles (whether round, or fome other determinate 
Figure is little to our purpofo)are firftof a determinate and equal bulk. 
Next, they are rang’d into the form of Quincunx, or Equilaterotriangu - 
lar order,which that probably they are fo,and whythey are fo,l fhall elfe- 
where endeavour to fhew.Thirdly,they are of fuch a nature,as does either 
more eafily or more difficultly tranfmit the Rays of light then the liquor $ 
if more eafily,a Blue is generated, and if more difficultly, a Red or Scarlet . 

And firft, let us fuppofe the tinging particles to be of a fubftance that 
does more impede the Rays of light, we fhall find that the pulfe or 
wave of light mov’d from AD to B C, will proceed on,through the con- 
tainin ^medium by the pulfes or waves KK, LL, MM, N N, OO, but 
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becaufe fevcral of thefe Rays that go to the conftitution of thefe pulfes 
will be Hugged or Hopped by the tinging particles E,F,G,H 5 therefore 
there fhall be a fecundary and weak pulfe that fhall follow the Ray, name** 
ly P P which will be the weaker: firft, becaufe it hasfuffer’d many re- 
fra&ions in the impeding body 5 next, for that the Rays will be a little 
difpers d or confus'd by reafon ofthcrefra&ion in each of the particles, 
whether round or angular? and this will be more evident, if we a little 
more cjofely examine any one particular tinging Globule . 

Suppofe we therefore A B in the eighth Fgure of the fixth Scheme , to 
reprefent a tinging Globule or particle which has a greater refraftion than 
the liquor in which it is contain’d: Let C D be a part of the pulfe of light 
which is propagated through the containing medium \ this pulfe will be a 
little ftopt or impeded by the Globule , and fo by that time the pulfe is 
pafl to E F that part of it which has been impeded by palling through the 
Globule , will get but to L and fo that pulfe which has been propa¬ 
gated through the Globule , to wit, L M, N Q, P CL, will always come 
behind the pulfes E F, G H, IK, <&c. 

Next, by reafon of the greater impediment in A B, and its Globular Fi¬ 
gure, the Rays that pals through it will be difpers’d, and very much feat- 
ter'dtWhence C A and D B which before went direct and parallel., will after 
the refl ation in A B, diverge and fpread by A P, and B (L, fo that as the 
Rays da meet with more and more of thefe tinging particles in their 
Way, by lb much the more will the pulfe of light further lagg behind 
the clearer pulfe, or that which has fewer refractions, and thence the 
deeper will the colour be, and the fainter the light that is trajeded 
through it, for not onely many Rays are refleded from the furfaces of 
A B, but thofe Rays that get through it are very much diiordered. 

By this Hypohcjis there is no one experiment of colour that I have yet 
met with, but may be, I conceive, very rationably folv’d, and perhaps, 
had I time to examine feveral particulars requifite to the demonftration 
of it, I might prove it more than probable, for all the experiments about 
the changes and mixings of colours related in the Treatife of Colours, 
publifhed by the Incomparable Mr. Foyle > and multitudes of others which 
I haveobferv’d,dofo ealily and naturally flow from thofe principles,that 
lam very apt to think it probable, that they own their produdion to no 
other fecundary caufe ; As to inftance in two or three experiments. In the 
twentieth Experiment, this Noble Authour has (hewn that the deep bluiJI) 
purple-colour of Violets , may be turn’d into a Green, by Akalizate Salts , 
and to a Red by acid $ that is, a Vurple confifts of two colours, a deep Red, 
and a deep Blue 3 when the Blue is diluted, or altered, or deftroy 'd by 
acid Saltsjhe Red becomes predominant, but when the Red is diluted by 
Alcalizate , and the Blue heightned, there is generated a Green y for of a 
Red diluted, is made a XeUoxo, and Xellom and Bine make a Green . 

Now, becaufe the furious pulfes which caufe a Red and a Blue, do the 
one follow the clear pulfe, and the other precede it, it ufually follows, 
that thofe Saline refta&ing bodies which do dilute the colour of the one, 
do deepen that of the other* And this will be made manifeft by al- 
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fnoft all kinds of Purples , and many forts of Greens , both thefe colours 
Confining ofmixt colours } for if we fuppofe A and A in the ninth Figure, 
to reprefent two pulfes of clear light, which follow each other at a con¬ 
venient diftance, A A, each of which has a jfurious pulfe preceding it, as 
B B, which makes a Blue^nd another following it, as C C, which makes a 
Red, the one caus’d by tinging particles that have a greater refra<ftion,the 
other by others that have a le(s reflating quality then the liquor or 
Menstruum in which thefe are diflolv’d, whatfbever liquor does fb alter 
the refradfion of the one, without altering that of the other part of the 
ting’d liquor, muft needs very much alter the colour of the liquor 5 for 
if the refraction of the dijfolvent be increas’d, and the refraftion of the 
tinging particles not altered, then will the preceding Jpurious pulfe be 
fhortned or ftopt, and not out-run the clear pulfe fb much 5 fo that B B 
will become E E, and the Blue be diluted , whereas the other Jpurious 
pulfe which follows will be made to lagg much more, and be further be¬ 
hind A A than before, and C C will become f f and fb the Tellovo or 
Red will be heightned. 

A Saline liquor therefore,mixt with another ting’d liquor,may alter the 
colour of it feveral ways, either by altering the refra&ion of the liquor in 
which the colour fwims: or fecondly by varying the refra&ion of the co¬ 
loured particles, by uniting more intimately either with fbme particular 
corpufcles of the tinging body, or with all of them, according as it has a 
congruity to fbme more efpecially, or to all alike: or thirdly, by uniting 
and interweaving it felf with fome other body that is already joyn’d 
with the tinging particles, with which fubftance it may have a congruity , 
though it have very little with the particles themfelves: or fourthly, it 
may alter the colour of a ting’d liquor by diftjoyning Certain particles 
which were before united with the tinging particles, which though they 
were fomewhat congruous to thefe particles, have yet a greater congruity 
with the newly infus'd Saline menfruum . It may likewife alter the co¬ 
lour by further diffolving the tinging fubftance into fmaller and fmaller 
particles , and fb diluting the colour 5 or by uniting feveral particles toge¬ 
ther as in precipitations, and fb deepning it, and fbme fuch other ways, 
which many experiments and companions of differing trials together, 
might eafily inform one of. 

From thefe Principles applied, may be made out all the varieties 
of colours obfervablc, either in liquors, or any other ting’d bodies, with 
great eafe,and I hope intelligib!eenough,there being nothing in the no¬ 
tion of colour, or in the fuppos’d produ<ftion,but is very conceivable, and 
may be poflible. 

The greateft difficulty that I find againft this Hypothecs , is, that there 
feem to be more diftindt colours then two, that is, then Yellow and Blue. 
This Obje&ion is grounded on this reafon, that there are feveral Reds, 
which diluted^ make not a Saffron or pale Yellow, and therefore Red, or 
Scarlet feems to be a third colour diftindt from a deep degree of Yellow. 

To which I anfwer, that Saffron affords us a deep Scarlet tin&urc,which 
may be diluted into as pale a Yellow as any, either by making a weak fb- 
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lutionof the Saffron, by infilling a fmall parcel of it into a great quantity 
of liquor, as in fpirit of Wine, or elfe by looking through a very thin 
quantity of the tin&ure, and which may be heightn d into the lovelieft 
Scarlet,by looking through a very thick body of this tinfture,or through 
a thinner parcel of it,which is highly impregnated with the tinging body, 
by having had a greater quantity of the Saffron diflolv’d in a fmaller par¬ 
cel of the liquor. 

Now, though there may be lome particles of other tinging bodies that 
give a lovely Scarlet alio,which though diluted never lo much with liquor, 
or looked on through never fo thin a parcel of ting’d liquor, will not yet 
afford a pale Yellow, but onely a kind of faint Red 5 yet this is no argu¬ 
ment but that thole ting’dparticles may have in them the fainteft degree of 
Yellow,though we may be unable to make them exhibit it^For that power 
of being diluted depending upon the divifibility of the ting’d body, if I 
am unable to make the tinging particles fo thin as to exhibit that colour, 
it docs not therefore follow,that the thing is impoffible to be done 5 now, 
the tinging particles of fome bodies are of fuch a nature, that unlels there 
be found ibme way of comminuting them into lels bulks then the liquor 
does difiolve them into, all the Rays that pals through them mull necef 
farily receive a tin&ure lo deep, as their appropriate refra&ionsand bulks 
compar’d with the proprieties of the dillolving liquor muff neceflarily 
difpole them to emprefs, which may perhaps be a pretty deep Yellow, 
or pale Red. 

And that this is not gratis dittum^ I fhall add one inffance of this kind, 
wherein the thing is molf manifelf. 

If you take Blue Smalt , you fhall find, that to afford the deepeft Blue, 
which ceteris paribus has the greateft particles or lands 5 and if you fur- 
ther divide, or grind thofe particles on a Grindlfone, or porphyry ffonc, 
you may by comminuting the fands of it, dilute the Blue into as pale a one 
as you pleale, which you cannot do by laying the colour thin 3 for where- 
fbever any lingle particle is, it exhibits as deep a Blue as the whole mafo 
Now, there are other Blues, which though never lo much ground, will 
not be diluted by grinding, becaufe confiding of very fmall particles, ve¬ 
ry deeply ting’d,they cannot by grinding be a&ually feparated into fmal¬ 
ler particles then the operation of the fire, or lome other diflolving men - 
firuum 0 has reduc’d them to already. 

Thus all kind of Metalline colours, whether precipitated , fablimd , cal¬ 
cin'd , or otherwile prepar’d, are hardly chang’d by grinding, as ultra 
marine is not more diluted 3 nor is Vermilion or Red-lead made of a more 
faint colour by grinding 3 for the fmalleft particles of thele which I have 
view’d with my greateft Magnify ing-Glafs, if they be well enlightned, ap¬ 
pear very deeply ting’d with their peculiar colours 3 nor, though I have 
magnified and enlightned the particles exceedingly, could I in many of 
them, perceive them to be tranfparent, or to be whole particles, but the 
fmalleft fpecks that I could find among well ground Vermilion and Red- 
lead , feem’d to be a Red mals, compounded of a multitude of lels and lels 
motes, which flicking together, compos’d a bulk, not onethouland thou- 
fandth part of the fmalleft vifible fand or mote. And 


72 


Micrographia. 

And this I find generally in moft Metalline colours, that though they 
confift of parts fo exceedingly fmall,yet are they very deeply ting’d,they 
being fo ponderous, and having fuch a multitude of terreftrial particles 
throng’d into a little room, fo that us difficult to find any particle tranf- 
parent or refembling a pretious ftone, though not impoflible 5 for I have 
obferv’d divers fuch fhining and refplendent colours intermixt with the 
particles of Cinnaber , both natural and artificial, before it hath been 
ground and broken or flaw’d into Vermilion : As I have alio in Orpiment, 
Red-lead , and Rife, which makes me fuppofe, that thofe metalline colours 
are by grinding, not onely broken and feparated attually into (mailer 
pieces, but that they are alfo flaw’d and brufed ,whence they, for the 
moft part.become opacousfike flaw’d Cryftalor Glaft,c^c. But for Smalts 
and verditures^ I have been able with a Microfcope to perceive their par¬ 
ticles very many of them tranfparent. 

Now, that the others alfo may be tranfparent, though they do not ap¬ 
pear fo to the Microfcope^ may be made probable by this Experiment: that 
if you take ammel that is almoft opacous , and grind it very well on 
a Porphyry , or Serpentine , the fmall particles will by reafon of their flaws, 
appear perfe&ly opacous $ and that ’tis the flaws that produce this opa - 
coujhefi, may be argued from this, that particles of the fame Ammel much 
thicker if unflaw’d will appear fomewhat tranfparent even to the eye, 
and from this alfo, that the moft tranfparent and clear Cryftal, if heated 
in the fire, and then fuddenly quenched, (b that it be all over flaw’d, 
will appear opacous and white. 

And that the particles of Metalline colours are tranfparent,may be argu-* 
ed yet further from this,that the Cryftals,or Vitriols of all Metals,are tranft 
parent, which fince they confift of metalline as well as faline particles, 
thofe metalline ones muft be tranfparent, which is yet further confirm’d 
from this, that they have for the moft part, appropriate colours, (o the 
vitriol of Gold is Yellow , of Copper,Bluc,and fometimes Greeny of Iron, 
green, ofTinn and Lead, a pale White, of Silver,a pale Blue, &c. 

And next,the Solution of all Metals into menjlruums are much the fame 
with the Vitriols , or Cryftals. It feems therefore very probable, that 
thofe colours which are made by the precipitation of thofe particles out 
of the menjlruums by tranfparent precipitating liquors fhould be tranfpa¬ 
rent alfo. Thus Gold precipitates with oyl of Tartar^ or Jpirit ofVrine in¬ 
to a brown Yellow. Copper with fpirit of Vrine into a Mucous blue, 
which retains its tranfparency. A folution of fublimate (as the fame II- 
luftrious Authour I lately mention’d (hews in his 40. Experiment) precipi¬ 
tates with oyl of Tartar per deliquium , into an Orange colour’d preci¬ 
pitate \ nor is it lefs probable, that the calcination of thofe Vitriols by 
the fire,fhould have their particles tranfparent: Thus Saccarum Saturni > 
or the Vitriol of Lead by calcination becomes a deep Orange-colour’d 
minium j which is a kind of precipitation by fome Salt which proceeds from 
the fire $ common Vitriol calcin’d , yields a deep Brown Red, &c. 

A third Argument, that the particles of Metals are tranfparent, is, that 
being calcin’d , and melted with Glaft, they tinge the Glaft with tranfpa¬ 
rent 
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rent colours. Thus the Calx of Silver tinges the Glals on which it is an¬ 
neal'd with a lovely Yellow,or Gold colour^c. 

And that the parts of Metals are tranfparent, may be farther argued 
from the tranfparency of Leaf-gold, which held againft the light, both 
to the naked eye, and the Microfcope , exhibits a deep Green. And 
though I have never feen the other Metals laminated lb thin, that I was 
able to perceive them tranfparent, yet, for Copper and Brafs, if we had 
the lame conveniency for laminating them,as we have for Gold,we might*, 
perhaps,through fuch plates or leaves,find very differing degrees of Blue* 
or Green* for it feems very probable, that thole Rays that rebound from 
them ting’d, with a deep Yellow, or pale Red, as from Copper, or with 
a pale Yellow,as from Brafs, have pail through them * for I cannot con¬ 
ceive how by reflexion alone thofe Rays can receive a tin&ure* taking 
any Hypothefis extant. 

So that we lee there may a fufficient reafon be drawn from thele in- 
flances, why thofe colours which we are unable to dilute to the paleft 
Yellow, or Blue,or Green, are not therefore to be concluded not to be a 
deeper degree of them * for luppoling we had a great company of lmall 
Globular elience Bottles,or roundGlafs bubbles,about the bignels of aWal- 
nut, fill’d each of them with a very deep mixture of Saffron, aiid that 
every one of them did appear of a deep Scarlet colour, and all of them 
together did exhibit at a dillance, a deep dy’d Scarlet body. It does not 
follow,becaufe after we have come nearer to this congeries ,or mals,and di¬ 
vided it into its parts, and examining each of its parts feverally or apart, 
we find them to have much the lame colour with the whole mafs * it does 
not, I fay, therefore follow, that if we could break thofe Globules fmaller, 
or any other ways come to fee a fmaller or thinner parcel of the ting’d 
liquor that fill’d thole bubbles,that that ting’d liquor mull always appear 
Red, or of a Scarlet hue, fince if Experiment be made,the quite contrary 
willenlue * for it is capable of being diluted into the palell Yellow. 

Now,that I might avoid all the Objections of this kind, by exhibiting 
an Experiment that might by ocular proof convince thofe whom other 
reafons would not prevail with, I provided me a Prifmatical Glaji T, made 
hollow, juft in the form of a Wedge, fuch asisreprefented in the tenth 
Figure of the fixth Scheme . The two parallelogram fides A B C D, A B E F, 
which met at a point, were made of the cleared: Looking-glafs plates well 
ground and polilh’d that I could get*thefe were joyn’d with hard cement 
to the triangular fides, B C E, A D F, which were of Wood 5 the Parallelo¬ 
gram bafe B C E F, likewife was of Wood joyn’d on to the reft with hard 
cement, and the whole Prifinatical Box was exaClly ftopt every where, 
but onely a little hole near the bafe was left,whereby the Veflel could be 
fill’d with any liquor, or emptied again at pleafure* 

One of thele Boxes (for I had two of them) I fill’d with a pretty deep 
tinClureof Aloes , drawn onely with fair Water, and then ftopt the hole 
with a piece of Wax, then,by holding this Wedge againft the Light, and 
looking through it, it was obvious enough to fee the tindlure of the liquor 
near the edge of the Wedge where it was but very thin, to be a pale but 
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well colour’d Yellow, and further and further from the edge, as the li« 
quor grew thicker and thicker ,this tin&ure appear’d deeper and deeper, 
fo that near the blunt end,which was feven Inches fromthe edge and three 
Inches and an half thick $ it was of a deep and well colour’d Red. Now, 
the clearer and purer this tin&ure be, the more lovely will the deep 
Scarlet be, and the fouler the tinfture be, the more dirty will the Red 
appear 3 fo that fome dirty tinctures have afforded their deepeft Red 
much of the colour of burnt Oker or Spanzfi brown^others as lovely a co¬ 
lour as Vermilion , and fome much brighter 3 but feveral others, according 
as the tin&ures were worfe or more foul, exhibited various kinds of Reds, 
of very differing degrees. 

- The other of thefe Wedges, I fill’d with a moft lovely tin&ure of Cop¬ 
per, drawn from the filings of it,with fpirit of Vrine , and this Wedge held 
as the former againft the Light, afforded all manner of Blues, from the 
fainteft to the deepeft,fo that I was in good hope by thefe two,to have pro¬ 
duc’d all the varieties of colours imaginable 3 for I thought by this means 
to have been able by placing the two Parallelogram fides together, and 
the edges contrary ways,to have fo mov’d them to and fro one by another, 
as by looking through them in feveral places, and through feveralthick- 
nefies, I fhould have compounded, and confequently have feen all thofe 
colours, which by other like compofitions of colours would have enfued. 

Butinfteed of meeting with what I look’d for, I met with fomewhat 
more admirable 3 and that was, that I found my felf utterly unable to foe 
through them when placed both together, though they were tranfparent 
enough when afonder 3 and though I could fee through twice the thick* 
nefs, when both of them were fill’d with the fame colour’d liquors, whe¬ 
ther both with the Yellow, or both with the Blue, yet when one was fill’d 
with the Yellow, the other with theBlue,and both looked through, they 
both appear’d dark, onely when the parts near the tops were look’d 
through, they exhibited Greens, and thofo of very great variety 5> as I ex* 
pe<fted,but the Purples and other colours,I could not by any means make, 
whether I endeavour’d to look through them both againft the Sun, or 
whether I plac’d them againft the hole of a darkned room. 

But notwithftanding this mif-ghefling, I proceeded on with my trial in 
a dark room, and having two holes near one another, I was able, by 
placing my Wedges againft them,to mix the ting’d Rays that paft through 
them, and fell on a fheet of white Paper held at a convenient diftance 
from them as I pleas’d 3 fo that I could make the Paper appear of what 
Colour I would,by varying the thicknefles of theWedges,and confoquent- 
ly the tincture of the Rays that paft through the two holes, and fome- 
times alfo by varying the Paper, that is, infteed of a white Paper, holding 
a gray, or a black piece of Paper. 

Whence I experimentally found what I had before imagin’d, that all 
the varieties of colours imaginable arc produc’d from feveral degrees of 
thefe two colours, namely. Yellow and Blue, or the mixture of them 
with light and darknefs, that is, white and black. And all thofe almoft 
infinite varieties which Limners and Painters are able to make by com¬ 
pounding 
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pounding thofe feveral colours they lay on their Shels or Palads , are no¬ 
thing elfe, but fome compoftum 0 made up of feme one or more, or all of 
thefe four. 

Now,whereas it may here again be objeded,that neither can the Reds 
be made out ol the Yellows, added together,or laid on in greater or lefs 
quantity, nor can the Yellows be made out of the Reds though laid ne¬ 
ver lb thin 5 and as for the addition of White or Black, they do nothing 
but either whiten or darken the colours to which they are added,and not 
at all make thepi of any other kind of colour: as for inftance. Vermilion , 
by being temper’d with White Lead, does not at all grow more Yellow, 
but onely there is made a whiter kind of Red. Nor does Yellow Ohgr , 
though laid never fo thick, produce the colour of Vermilion^ nor though 
it be temper’d with Black, does it at all make a Red 5 nay, though it be 
temper’d with White, it will not afford a fainter kind ofYellow, fuch as 
majlicut , but onely a whiten’d Yellow 5 nor will the Blues be diluted or 
deepned after the manner 1 (peak of, as Indico will never afford fo fine a 
Blue as Ultramarine or Bife 5 nor will it,temper’d with Vermilion^ ever af* 
ford a Green,though each of them be never fo much temper’d with white. 

To which I anfwer,that there is a great difference between diluting a 
colour and whitening ofit 5 for diluting a colour, is to make the colour’d 
parts mor# thin, fo that the ting’d light, which is made by trajeXing 
thofe ting’d bodies, does not receive lb deep a tinXure 5 but whitening 
a colour is onely an intermixing of many clear reflexions of light 
among the fame ting’d parts 5 deepning alfo, and darkning or blacking a 
colour, are very different 5 for deepning a colour, is to make the light 
pafs through a greater quantity of the fame tinging body 5 and darkning 
or blacking a colour, is onely interpofing a multitude of dark or black 
fpots among the fame ting’d parts, or placing the colour in a more faint 
light. 

Firfl therefore,as to the former of thefe operations,that is,diluting and 
deepning, moft of the colours us’d by the Limners and Painters are in¬ 
capable of, to wit. Vermilion and Red-lead , and Okgr^ becaufe the ting’d 
parts arefo exceeding fmall, that the moft curious Grindftones we have, 
are not able to feparate them into parts adually divided fo fmall as the 
ting’d particles are 5 for looking on the moft curioufly ground Ver¬ 
milion^ and Oker , and Red-lead , I could perceive that even thofe fmall 
corpujcles of the bodies they left were compounded of many pieces, that 
is, they feem’d to be fmall pieces compounded of a multitude of lefler 
ting’d parts; each piece feeming almoft like a piece of Red Glafs,or ting’d 
Crylfal all flaw’d 5 fo that unlefs the Grindftone could aXually divide 
them into fmaller pieces then thofe flaw’d particles were, which com¬ 
pounded that ting’d mote I could fee with my Microjcope , it would be 
impolfible to dilute the colour by grinding, which, becaufe the fineft we 
have will not reach to do in Vermilion or therefore they cannot at 
all, or very hardly be diluted. 

Other colours indeed, whofe ting’d particles are fuch as may be made 
fmaller, by grinding their colour, may be diluted , Thus feveral of the 
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Blues may be diluted ,as Smalt and Bife ; and Majlicut^ which is Yellow,may 
be made more faint: And even Vermilion it felf may,'by too much grind¬ 
ing, be brought to the colour of Red-lead , which is but an Orange colour, 
which is confeft by all to be very much upon the Yellow. Now, though 
perhaps fomewhat of this diluting of Vermilion by overmuch grinding 
may be attributed to the Grindftone, or muller, for that fome of their 
parts may be worn off and mixt with the colour, yet there feems not ve¬ 
ry much, for I have done it on a Serpentine-ftone with a muller made of a 
Pebble, and yet obferv’d the fame effed follow. 

And fecondly, as to the other of thefe operations on colours, that is, 
the deepning of them. Limners and Painters colours are for the moft part 
alfb uncapable. For they being for the moft part opacous 5 and that op a - 
coujhcfi as I faid before, proceeding from the particles, being very much 
flaw’d, unlefs we were able to joyn and re-unite thole flaw’d particles 
again into one piece, we fhall not be able to deepen the colour, which 
fince we are unable to do with moft of the colours which are by Painters 
accounted opacous , we are therefore unable to deepen them by adding 
more of the fame kind. 

But becaufe all thofo opacous colours have two kinds of beams or Rays 
refleded from them,that is,Rays unting’d,which are onely refleded from 
the outward fiirface, without at all penetrating of the body,and ting’d 
Rays which are refleded from the inward furfaces or flaws after they 
have fuffer’d a two-fold refradion 5 and becaufo that tranfparent liquors 
mixt with fuch corpujcles , do,for the moft part, take ofF the former kind 
ofrefledion} therefore thefe colours mixt with Water or Oyl, appear 
much deeper than when dry,for moft part of that white refledion from the 
outward lurface is remov’d. Nay, fome of thefe colours are very much 
deepned by the mixture with fome tranfparent liquor, and that becaufo 
they may perhaps get between thole two flaws, and fo confequently joyn 
two or more of thole flaw’d pieces together 3 but this happens but in a 
very few. 

Now, to lhew that all this is not gratis di&um , f fhall fet down fome 
Experiments which do manifeft thefo things to be probable and likely, 
which I have here deliver’d. 

For, firft, if you take any ting’d liquor whatfoever, efpecially if it be 
pretty deeply ting’d, and by any means work it into a froth,the congeries 
of that froth fhall feem an opacous body, and appear of the fame colour, 
but much whiter than that of the liquor out of which it is made. For the 
abundance of refledions of the Rays againft thole forfaces of the bubbles 
of which the froth confifts, docs fo often rebound the Rays backwards, 
that little or no light can pals through, and confoquently the froth ap¬ 
pears opacous . 

Again, if to any of thefo ting’d liquors that will endure the boiling 
there be added a Imall quantity of fine flower (the parts of which through 
the Microfiope are plainly enough to be perceiv’d to confift of tranfpa¬ 
rent corpujcles') andfuffer’d to boyl till it thicken the liquor, the mafsof 
the liquor will appear opacous 7 and ting’d with the fame colour, but very 
much whiten’d. Thus 
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Thus* if you take a piece of tranfparent Glals that is well colour’d* and 
by heating it* and then quenching it in Water* you flaw it all over* 
it will become opacous * and will exhibit the lame colour with which the 
piece is ting’d, but fainter and whiter. 

Or* if you take a Pipe of k this tranfparent Glals* and in the flame of a 
Lamp melt it* and then blow it into very thin bubbles* then break thole 
bubbles* and colled a good parcel of thole lamin£ together in a Paper* 
you lhall find that a finall thicknels of thole Plates will conftitute an opa¬ 
cous body*|and that you may fee through the mals of Glals before it be 
thus laminated * above four times the thicknels: And befides* they will 
now afford a colour by reflc&ion as other opacous (as they are call’d) 
colours will* but much fainter and whiter than that of the Lump or Pipe 
out of which they were made. 

Thus allo*if you take rutty * and melt it with any tranlparent colour’d 
Glals,it will make it become an opacous colour’d lump* and to jield a pap¬ 
ier and whiter colour than the lump by reflection. 

1 he lame thing may be done by a preparation of Antimony * as has been 
fhewn by the Learned Thyjician * D r * C. M. in his Excellent Obfervations 
and Notes on Nerys Art of Glafs 5 and by this means all tranfparent co¬ 
lours become opacous * or ammels . And though by being ground they lole 
very much of their colour* growing much whiter by realon of the multi¬ 
tude of Angle reflections from their outward furface* as I fhew’d afore* 
yet the fire that in the nealing or melting re-unites them* and lo re¬ 
news thofe j tyurious reflections* removes alfo thofe whitenings of the co¬ 
lour that proceed from them. 

As for the other colours which Painters ule* which are tranfparent,and 
us’d to varnilh over all other paintintings* ’tis well enough known that 
the laying on of them thinner or thicker*does very much dilute or deepen 
their colour. 

Painters Colours therefore confilting molt of them offolid particles* 
lo finall that they cannot be either re-united into thicker particles by 
any Art yet known*and confequently cannot be deepned * or divided in¬ 
to particles lo fmall as the flaw’d particles that exhibit that colour* much 
lels into finaller* and confequently cannot be diluted * It is neceflary that 
they which are to imitate all kinds of colours* fhould have as many de¬ 
grees of each colour as can be procur’d. 

And to this purpole* both Limners and Painters have a very great va¬ 
riety both of Yellows and Blues* befides leveral other colour'd bodies 
that exhibit very compounded colours* fiich as Greens and Purples * and 
others that are compounded of leveral degrees of Yellow* or leveral de¬ 
grees of Blue* lometimes unmixt* and lometimes compounded with le¬ 
veral other colour’d bodies. 

The Yellows,* from the palefi: to the deepeft Red or Scarlet* which 
has no intermixture of Blue * are pale and deep Mafiicut * Orpament * 
Englijh Oker * brown Oker^ Red Lead * and Vermilion * burnt Englijh Okgr * 
and burnt brown Oker 0 which laft have a mixture of dark or dirty parts 
with them, &c. 
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Their Blues are feveral kinds of Smalts , and Verditures , and Bije , and 
Ultramarine^ and Indico , which laft has many dirty or dark parts inter- 
mixt with it. 

Their compounded colour’d bodies, as Pin 4 , and Verdigrefe, which are 
Greens, the one a Popingay , the other a Sea-green 5 then Z.<*c,which is a 
very lovely Purple . 

To which may be added their Black and White, which they alio 
ufually call Colours, of each of which they have feveral kinds, fuch as 
J Bone Blac 4 , madeo i Ivory burnt in a clofe Veiled, and Blue Blac 4 , made 
of the fmall coal of Willow , or ibme other Wood 5 and CuUens earthy 
which is a kind of brown Black, Their ufual Whites are either ar¬ 
tificial or natural White Lead> the laft of which is the beft they yet have, 
and with the mixing and tempering thefe colours together, are they able 
to make an imitation of any colour whatfoever: Their Reds or deep 
Yellows, ihey can dilute by mixing pale Yellows with them, and deepen 
their pale by mixing deeper with them 5 for it is not with Opacous co¬ 
lours as it is with tranfparent, whereby adding more Yellow to yellow, 
it is deepned, but in opacous diluted . They can whiten any colour by mix¬ 
ing White with it, and darken any colour by mixing Black, or fbme dark 
and dirty colour. And in a word, moft of the colours, or colour’d 
bodies they ufe in Limning and Painting, are fiich, as though mixt with 
any other of their colours, they preferve their own hue, and by being in 
fiich very fmal parts difpers’d through the other colour’d bodies, they 
both, or altogether reprefent to the eye a compojitum of all 5 the eye be¬ 
ing unable, by reafon of their fmalnefs, to diftinguifh the peculiarly co¬ 
lour’d particles, but receives them as one intire compojitum : whereas in 
many of thefe, the Microjcope very eafily diftinguifhes each of the com¬ 
pounding colours diftinft, and exhibiting its own colour. 

Thus have I by gently mixing Vermilion and Bife dry, produc’d a very 
finePurple,or mixtcolour,but looking on it with the Microjcope^! could 
eafily diftinguifh both the Red and the Blue particles, which did not at 
all produce the Phantafm of Purple. 

To fumm up all therefore in a word, I have not yet found any folid 
colour’d body,that I have yet examin’d,perfectly opacous $ but thofethat 
are leaft tranfparent are Metalline and Mineral bodies, whofe particles ge¬ 
nerally, feeming either to be very fmall, or very much flaw’d, appear 
for the moft part opacous , though there are very few of them that I have 
look’d on with a Microjcope , that have not very plainly or circumftanti- 
ally manifefted themfelves tranfparent. 

And indeed, there feem to be fo few bodies in the world that are in 
minima opacous, that I think one may make it a rational guery. Whether 
there be any body abfblutely thus opacous .<? For I doubt not at all (and I 
have taken notice of very many circumftances that make me of this 
mind) that could we very much improve the Microjcope , we might be 
able to fee all thofe bodies very plainly tranfparent, which we now are 
fain onely to ghefs at by circumftances. Nay, the Objed Glafles we 
yet make ufe of are fuch, that they make many tranfparent bodies to the 
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eye, ieern opacous through them,which if we widen the Aperture a little, 
and caft more light on the objects, and not charge the GlafleMb deep, 
will again difclofe their tranfparency. ?' 

Now, as for all kinds of colours that are diflblvable in Water,or other 
liquors, there is nothing fo manifeft, as that all thofe ting’d liquors are 
transparent $ and many of them are capable of being diluted and. com- 
pounded or mixt with other colours, and divers of them are capable of 
being very much chang’d and heightned, and fixt with feveral kinds of 
Saline menjlruums . Others of them upon compounding, deftroy or vi¬ 
tiate each others colours, and precipitate,' or otherwife very much alter 
each others tin&ure. In the true ordering and diluting , and deepning, 
and mixing, and fixing of each of which, confifts one of the greateft my- 
fteries of the Dyers 5 of which particulars,becaule our Microfcope affords 
us very little information,! (hall add nothing more at prefent 5 but onely 
that with a very few tin&ures order’d and mixt after certain ways, too 
long to be here fet down, I have been able to make an appearance of all 
the various colours imaginable, without at all ufing the help of Salts , or 
Saline menjlruums to vary them. 

As for the mutation of Colours by Saline menjlruums , they have al¬ 
ready been fo fully and excellently handled by the lately mention’d In¬ 
comparable Authour, that I can add nothing,but that of a multitude of tri¬ 
als that I made, I have found them exa&ly to agree with his Rules and 
Theories 5 and though there may be infinite infiances, yet may they be 
reduc’d under a few Heads, and compris’d within a very few Rules. And 
generally I find, that Saline menjlruums are moft operative upon thofe 
colours that are Purple, or have lome degree of Purple in them, and up¬ 
on the other colours much lefs. The fpurious pulfes that compofe which, 
being (as I formerly noted) fb very neer the middle between the true 
ones, that a fmall variation throws them both to one fide, or both to the 
other, and fo confequently muft make a vaft mutation in the formerly ap¬ 
pearing Colour. 


Obfcrv. XI. Of Figures obfervd in fmall Sand. 

S And generally feems to be nothing elfe but exceeding fmall Pebbles, 
or at leaf! fome very fmall parcels of a bigger ftone 5 the whiter kind 
feems through the Microjcope to confift of fmall tranfpa rent pieces of fome 
pellucid body, each of them looking much like a piece of Alum , or Salt 
Gem ^and this kind of Sand is angled for the moft part irregularly,without 
any certain fhape,and the granules of it are for the moft part flaw’d,though 
amongft: many of them it is not difficult to find fome that are perfectly 
pellucid , like a piece of clear Cry ftal, and divers likewife moft curioufly 
Ihap’d, much after the manner of the bigger Stirice of Cryfial, or like the 
fmall Diamants I obferv’d in certain Flints, of Which I fhall by and by re- 
late5 which lajft particular feems to argue, that this kind of Sand is not 

made 






MlCROGRAPHIA. 

made by the comminution of greater tranfparetit Cryftaline bodies, but 
by the concretion or coagulation of Water,or fome other fluid body. 

There are other kinds of courfer Sands, which are browner, and have 
their particles much bigger 5 thefe, view'd with a Microfcope ) feem much 
courfer and more opacous fubftances,and molt of them are of fome irregu¬ 
larly rounded Figures $ and though they feem not fb opacous as to the 
naked eye, yet they feem very foul and cloudy, but neither do thefe want 
curioufly tranfparent, no more than they do regularly figur d and well 
colour’d particles, as I have often found. 

There are multitudes of other kinds of Sands, which in many particu¬ 
lars, plainly enough difcoverable by the Microfcope^d iffer both from thefe 
laft mention’d kinds of Sands, and from one another: there feeming to be 
as great variety of Sands,as there is of Stones. And as amongft Stones fome 
are call’d precious from their excellency, fo alfo are there Sands which 
deferve the fame Epithite for their beauty $ for viewing a fmall parcel of 
Eajl-India Sand (which was given me by my highly honoured friend, Mr. 
Daniel ColwaU ) and, fince that, another parcel, much of the fame kind, 
I found feveral of them, both very tranfparent like precious Stones, and 
regularly figur’d like Cryftal, Cornijh Diamants, fome Rubies, &c % and 
alfo ting’d with very lively and deep colours, like Kubys , Saphyrs , 
ralds^fkc. Thefe kinds of granulsl have often found alfo in EngliJhSa nd. 
And ’tis eafie to make fuch a counterfeit Sand with deeply ting’d Glafs, 
Enamels and Painters colours. 

It were endlefs to defcribe the multitudes of Figures I have met with 
in thefe kind of minute bodies, fuch as Spherical^Oval./yramidal , Conical^ 
Vrifmatical , of each of which kinds I have taken notice. 

But amongft many others, I met with none more obfervable than this 
pretty Shell (deferibed in the Figure X. of the fifth Scheme) which, 
though as it was light on by chance, deferv’d to have been omitted (I 
being unable to direft any one to find the like) yet for its rarity was it not 
inconfiderable, efpecially upon the account of the information it may 
afford us. For by it we have a very good inftance of the curiofity of Na¬ 
ture in another kind of Animals which are remov’d, by reafon of their 
minutenefs,beyond the reach of our eyes, fo that as there are feveral forts 
of Infefrs, as Mites, and others,fo fmall as not yet, io have had any names, 
(fome of which I fhall afterwards defcribe) and fmall Fifties, as Leeches 
in Vineger, and final vegetables, as Mofs, and Rofe-Leave-plants , and 
fmall Mufhroms, as mould: fo are there, it feems, fmall Shel-fifh like- 
wife, Nature fhewing her curiofity in every Tribe of Animals , Vege¬ 
tables , and Minerals . 

I was trying feveral fmall and fingle Magnifying Glafies, and cafoally 
viewing a parcel of white Sand,when I perceiv’d one of the grains exa&ly 
fhap’d and wreath’d like a Shell, but endeavouring to diftiaguifli it with 
my naked eye,it was fo very fmall,that I was fain again to make ufe of the 
Glafs to find it 5 then,whileft I thus look’d on it, with a Pin I feparated all 
the reft of the granules of Sand,and found it afterwards to appear to the 
naked eye ap exceeding (mail white fpot, no bigger than the point of a 
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Pin. Afterwards I view'd it every way with a better Microfcope, and found 
it on both (ides, and edge* Ways, to refemblethe Shell of a fmall Water* 
Snail with a fiat fpiral Shell: it had twelve wreathings, a,byt\.dyi*, &ci 
all very^proportionably growing one lefs than another toward the 
middleor center of the Shell, where there was a very fmall round white 
fpot. I could not certainly dilcover whether the Shell-werd hollow or 
not, but it feem’d fill'd with fomewhat, and tis probable that it might 
be petrify d as other larger Shels often are, fuch as are mention'd in the 
feventeenth Obfervation. * ! ' 1 ; 
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■©bferv. XI I. Of Gravel in Vrme, 


I Have often obferv’d the Sand or travel of llrinei fvhich feems to^be 
a tartarcoifs fiibftance, generated out of a Saline and a terrejlrial lub* 
Ifance tryftallizd together, in the form of Tartar , iometimes flicking fp 
the fides of the Vrinai, but for the mod part finking to the bottom, and 
there lying in the form of coorfe common Sand 5 thefe, through the Mi¬ 
crofcope, appear to be a company of fmall bodies,partly tranfparent, and 
partly opacous , fome White, lome Yellow, fome Red, others of morfc 
brown and dufkie colours. - 1 ■' • ••’ 

The Figure of them is for the mod part fiat, in the manner of Slats, or 
fuch like plated Stones,that is,each of them feem to be made up of feve* 
Tal other thinner Plates, much like Mitfcovie Glafs, or Englif sparryo the 
laft of which, the white plated Gravel feems mod likely 5 for they feem 
not onely plated like that, but their fides fhap’d alio into Rhombs, Rhom- 
boeidsynnA fometimes into Rett angles and Jquares.Theit bignels and Figure 
may be fecn in the fecond Figure of the fixth Plate,which reprefents about 
a dozen of them lying upon a plate ABC D,fome of which, as a, b 3 c , d , 
feem’d more regular than the reft, and r, which was a Imall one, ftick* 
ingonthe top of another, was a perfect Rhomboeid on the top, and had 
four Re&angular fides. 

The line E which was the meafure of the Microfcope , is part of an 
Englijh Inch, fo that the greateft bredth of any of them, exceeded not 
da part of an Inch. 

Putting thefe into feveral liquors, I found Cyl of Vitriol , spirit of 
Vrine, and feveral other Saline menjlruums to difiolve them, and the fir ft 
ofthefe in lefs than a minute without Ebullition ,Water,and feveral other 
liquors, had no fudden operation upon them. This I mention, becaule 
thole liquors that diflblve them,firft make them very white, not vitiating , 
but rather rectifying their Figure, and thereby make them afford a very 
pretty objed for the Microfcope . 

How great an advantage it would be to fuch as are troubled with the 
Stone, to find fome menjlruum that might diflblve them without hurting 
the Bladder,is eafily imagin'd, fince fome injeUiom made of fuch bodies 
might likewife diflblve the ftone, which feems much of the fame nature. 
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It may therefore, perhaps, be worthy fome Phyficians enquiry, whether 
there may not be fomething mixt with the Urine in which the Gravel 
or Stone lies, which may again make it diflolve it, the firft of which feems 
by its regular Figures to have been fbmetimes Cryftallizd out of it. For 
whether this Crystallization be made in the manner as Alum , Peter 0 &c. are 
cryjlallized out of a cooling liquor, in which, by boyling they have been 
diifolv’d 3 or whether it be made in the manner of Tart arum Vitriolatnm , 
that is, by the Coalition of an acid and a Sulphureous fubftance, it feems 
not impoflible,but that the liquor it lies in,may be again made a dijjolvent 
of it. But leaving thefe inquiries to Phyficians or Chymifts, to whom 
it does more properly belong, I fhall proceed. 


Obfcrv. XIII. Of the [mail Diamants, or Sparks in Flints. 

C Hancing to break a Flint (tone in pieces, I found within it a certain 
cavity all crufted over with a very pretty candied fubftance, fbme 
of the parts of which, upon changing the pofture of the Stone, in refpeCfc 
of the Incident light, exhibited a number of fmail, but very vivid re¬ 
flexions , and having made ufe of my JUicrofcope , I could perceive the 
whole furface of that cavity to be all befet with a multitude of little 
Cryfialine or Adamantine bodies, fo curioufly fliap’d, that it afforded a 
not unpleafing objeCt. 

Having confidered thofe vivid repercujjions of light,! found them to be 
made partly from the plain external furface of thefe regularly figured 
bodies (which afforded the vivid reflections) and partly to be made 
from within the fbmewhat pellucid body, that is,from fome furface of the 
body,oppofite to that fuperficies of it which was next the eye. 

And becaufe thefe bodies were fo fmall, that 1 could not well come to 
make Experiments and Examinations of them, I provided me fevcral 
(mail Jliri# of Cryftals or Diamants, found in great quantities in Corn - 
tvalLand are therefore commonly called Cornijh Diamants : thefe being 
very pellucid , and growing in a hollow cavity of a Rock (as I have been 
feveral times informed by thofe that have obierv dthem) much after the 
fame manner as thefe do in the Flint 3 and having befides their outward 
furface very regularly fhap’d, retaining very near the fame Figures with 
fome of thofe I obferv’d in the other, became a convenient help to me for 
the Examination of the proprieties of thole kinds of bodies. 

And firft for the Reflections 3 in thefe I found it very obfervable. That 
the brighteft reflections of light proceeded from within the pellucid body 5 
that is, that the Rays admitted through the pellucid fubftance in their 
getting out on the oppofite fide, were by the contiguous and ftrong re¬ 
flecting furface of the Air very vividly reflected, fo that more Rays were 
reflected to the eye by this furface, though the Ray in entring and getting 
out of the Cryftal had fufier’d a double refraCtion, than there were from 
the outward furface of the Glafs where the Ray had fuffer’d no refiraCtion 
at all. And 
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And that this was the furface of the Air that gave fb vivid a j^-pet-cuf 
Jim I try’d by this means. I funk half of a Jliria in Water, fo that only 
Water was contiguous to the under furface, and then the internal re¬ 
flexion was fo exceedingly faint, that it was fcarce difcernable. Again, 
I try’d to alter this vivid refleXion by keeping off the Air, with a body 
not fluid, and that was by rubbing and holding my finger very hard 
againft the under furface, fo as in many places the pulp of my finger did 
touch theClafs, without any interjacent air between , then obfcrving the 
reflection, I found,that wherefbever my finger or fkin toucht the furface, 
from that part there was no refleXion, but in the little furrows or creates 
of my fkin, where there remain’d little fmall lines of air,from them was 
return’d a very vivid refleXion as before. I try’d further,by making the 
furface of very pure Quickfilver to be contiguous to the under furface 
of this pellucid body, and then the refleXion from that Was fo exceeding¬ 
ly more vivid than from the air, as the refleXion from air was than 
the refleXion from the Watery from all which trials I plainly tew, that 
the ftrong refleXing air was the caute of this Phenomenon. 

And this agrees very well with the Hypotbejis of light and Tellncidbo- 
dies which I have mention’d in the defcription of Mufcovy-glafi^ for we 
there fuppote Glafs to be a medium y/ibixcb does lefs refift the pulfe of light, 
and confequently,that moft of the Rays, incident on it enter into it,and are 
refraXed towards the perpendicular , whereas the air I fuppote to be a 
body that does more refift it, and confequently more are re-percufs d then 
do enter it: the fame kind of trials have I made, with Cryjlalline Glafi 
with drops of fluid bodies, and teveral other ways,which do all feem to 
agree very exaXly with this Theory. So that from this Principle well efta- 
blifh’d, we may deduce feverall Corollaries not unworthy obfervation. 

And the firft is, that it plainly appears by this, that the produXion of 
the Rainbow is as much to be afcribed to the refleXion of the concave 
furface of the air, as to the refraXion of the Globular drops: this will be 
evidently manifeft by thefe Experiments, if you foliate that part of a 
Glafs-ball that is to refleX an /rzr, as in the Cartejian Experiment, above 
mention’d, the reflcXions will be abundantly more ftrong,’ and the co¬ 
lours more vivid: and if that part of the furface be touch’d with Watet, 
fcarce affords any fenfible colour at all. 

Next we learn, that the great reafon why pellucid bodies beaten fmall 
are white, is frofii the multitude of refleXions, not from the particles of 
the body, but from the contiguous furface of the air. And this is evident¬ 
ly manifefted, by filling the Interfiitia of thofe powder’d bodies with 
Water, whereby their whitenefs prefently difappears. From the fame 
reafon proceeds the whitenefs of many kinds of Sands, which in the Mi - 
crojccpe appear to be made up of a multitude of \itt\e pellucid bodies, 
whofe brighteft refleXions may by the Mictofcope be plainly perceiv’d 
to come from their internal furfaces } and much of the whitenefs of it may 
be deftroy’d by the afiufion of fair Water to be contiguous to thofe 
furfaces. 

The whitenefs alfb of froth, is for the moft part to be afcribed to the 
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reflexion of the light from the furface of the air within the Bubbles,and 
very little to the reflection from the furface of the Water it felf: for this 
laft reflection does not return a quarter fo many Rays, as that which is 
made from the furface of the air,as 1 have certainly found by a multitude 
of Obfervations and Experiments. 

The whitenefs of Linnen , Paper , sil 4 , &c. proceeds much from the 
fame reafon, as the Microj'cope will eafily difeover, for the Paper is made 
up of an abundance of pellucid bodies, which afford a very plentifull re¬ 
flection from within, that is, from the concave lurface of the air contigu¬ 
ous to its component particles} wherefore by the affufion of Water, Oyl, 
Tallow,Turpentine,(befall thofe reflections are made more faint.and the 
beams of light are fuffer’d to trajeCt Sc run through the Paper more freely. 

Hence further we may learn the reafon of the whitenefs of many bo¬ 
dies, and by what means they maybe in part made pellucid: As white 
Marble for inftancc, for this body is compofed of a pellucid body ex¬ 
ceedingly flaw’d, that is, there are abundance of thin, and very fine 
cracks or chinks amongft the multitude of particles of the body,that con¬ 
tain in them fmall parcels of air,which do fo re-percuf and drive back the 
penetrating beams, that they cannot enter very deep within that body, 
which the Microfcope does plainly inform us to be made up of a Congeries 
of pellucid particles. And I further found it fomewhat more evidently by 
fome attempts I made towards the making tranfparent Marble, for by 
heating the Stone a little, and foaking it in Oyl, Turpentine, Oyl of Tur¬ 
pentine,^, I found that I was able to fee much deeper into the body of 
Marble then before 5 and one trial, which was not with an unCtuous fub- 
ftance,fiicceeded better than the reft, of which, when I have a better op¬ 
portunity, I fhall make further trial. » 

This alfo gives us a probable reafon of the fo much admired Pheno¬ 
mena of the Ocnlus Mnndi , an Oval ftone, which commonly looks like 
white Alabafter, but being laid a certain time in Water, it grows pellucid > 
and tranfparent, and being fuffer’d to lie again dry, it by degrees lofes 
that tranfparency, and becomes white as before. For the Stone being of 
a hollow fpongie nature, has in the firft and laft of thefe appearances, all 
thofe pores fill’d with the obtunding and reflecting air $ whereas in the 
fecond, all thofe pores are fill’d with a medium that has much the fame 
refraCtion with the particles of the Stone, and therefore thofe two being 
contiguous , make,as ’twere, one continued medium , of which more is laid 
in the 15. Obfervation. 

There are a multitude of other Phenomena^ that are produc’d from this 
fame Principlc,|whithasithas not been taken notice of by any yet that I 
know, fo I think, upon more diligent obfervation, will it not be found the 
leaft confiderable. But I have here onely time to hint Hypothejes , and not 
to profecute them fo fully as I could wifh, many of them having a vaft 
extent in the production of a multitude of Phenomena , which have been 
by others,either not attempted to be explain’d, or elfe attributed to fome 
other caufe than what I have aflign’d, and perhaps than the right 5 and 
therefore I fhall leave this to the profecution of fuch as have more leifure: 

onely 
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onely before I leave it, I muft not pretermit to hint, that by this Prin* 
ciple, multitudes of the Phenomena of the air,as about Mijls, Clouds , Me¬ 
teors , Haloes^&tc. are moll: plainly and (perhaps) truly explicable^ multi¬ 
tudes alfoof the Phenomena in colour'd bodies, as liquors, &c. are de- 
ducible from it. * - ! r ! ' : '* 

And from this I fhall proceed to a fecond confiderable Phenomenon 
which thefe Diamants exhibit, and that is the regularity of their Figure , 
which is a propriety not lels general than the former J It comprilrng with¬ 
in its extent, all kinds of Metals , all kinds of Minerals ,moft PretioUsftones ^ 
all kinds of ^/^multitudes of Earthsyapd almoftall kinds oifluid bodiesi 
And this is another propiety, which, though a little fuperficially takerf 
notice of by lome, has not, that I know, been lb much as attempted to 
be explicated by any. , ; 

This propriety of bodies,asI think it the mofi: worthy, and next in or¬ 
der to be confider’d after the contemplation of the Globular Figure , lb 
have I long had a defire as wel as a determination to have profecuted it if I 
had had an opportunity,having long fince propos'd to my felf the method 
of my enquiry therein, it containing all the allurements that I think any 
enquiry is capable of: For,firft I take it to proceed from the mofi: Ample 
principle that any kind of form can come from, next the Globular , which 
was therefore the firft I let upon, and what I have therein perform’d, I 
leave the Judicious Reader to determine. For as that form proceeded 
from a propiety of fluid bodies, which I have call’d Congruity , or Incon¬ 
gruity ^ fo I think, had I time and opportunity, I could make probable, 
that all thefe regular Figures that are lb confpicuoully various and curi* 
ous^and do fo adorn and beautifie fuch multitudes of bodies, as I have 
above hinted,arifc onely from three or four feveral pofitiotis or poftures 
of Globular particles,and thofe the mofi plain,obvious, and neceftery con- 
jun&ions of fuch figur’d particles that are pefiible, fo that fuppoling luch 
and luch plain and obvious caufes concurring th e coagulating particles 
muft neceflarily compofe a body of luch a determinate regular Figure, 
and no other 5 and this with as much neceflity and obvioulneft as a fluid 
body encompaft with a Heterogeneous fluid muft be protruded ihto a 
Spherule or Globe. And this I have ad ocnlurn demonftated with a com¬ 
pany of bullets,and fome few other very Ample bodies y lb that there was 
not any regular Figure,which I have hitherto met withall, of any of thofe 
bodies that I have above named, that I could not with the composition of 
bullets or globules, and one or two other bodies, imitate, even almoft 
by Shaking them together. And thus for inftance may we find that the 
Globular bullets will of themfelves,if put on an inclining plain,lb that the^ 
may'run together, naturally run into a triangular order, comppfing all 
the variety of figures that can be imagin’d to be made out of septilateral 
triangles 5 and Rich will you find,upon trial,all the furfaces of Alum to be 
compos’d of: For three bullets lying on a plain, as clofe to one another as 
they can compofe an eequilatero-triangular form, as in A in the 7. Scheme. 
If a fourth be joyn’d to them on either fide as clofely as it can, they four 
compofe the mofi: regular Rhombus confifting of two aquilatetaltriangles 1, 

as 
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asg. If a fifth be joyn’dtothemon either fide in asclofe a pofition ask 
cm* whfohis the propriety of the Textnrejx makes a Trapezium, or four- 
fided Figure, two of whofc angles are 120. and two 60. degrees, as C. 
If a fixth be added, as before, either it makes an equilateral triangle ps D, 
or a Rhomboeid, as E,or an Hex-angular Figure , as F, which is com¬ 
pos’d of two primary fihombes . If a feventh be added, it makes either 
an equilatero-bexagonal Figure, as G, or fome kind of fix-fided Fi¬ 
gure, as H, or I. And though there be never fo many placed together, 
they may be rang’d into fome of thefe lately mentioned Figures, all the 
angles of which will be either 60. degrees, or 120. as the figure K. 
which is an equiangular hexagonal Figure is compounded of 12. Globules , 
pr may be of 2 5, or 2 7, or 36, or 42, &c. and by thefe kinds of texture, 
or pofition of globular bodies,may you find out all the variety of regular 
lfcapes, into which the fmooth furfaces of Alum are form’d, as upon ex¬ 
amination any one may eafily find 5 nor does it hold only in fuperficies,but 
inlblidity allo.for it’s obvious that a fourth Globule laid upon the third in 
this texture, compofes a regular Tetrahedron , 'which is a very ufiial Figure 
of the Cryfials of Alum. And (to haften) there is no one Figure into which 
4 km is obfcrv d to be cryftallized, but may by this texture of Globules 
be imitated, and by no other. 

I could inftance alfo in the Figure of Sea-felt, and Sal-gem, that it k com¬ 
pos’d of a texture of Globules, placed in a cubical form, as L, and that all 
the Figures ofthofe Salts may be imitated by this texture of Globules, and 
by no other whatfoever. And that the forms of Vitriol md of Salt-Veter, 
as alio of CryflalyHore-froll,&c. are compounded of thefe two textures, 
but modulated by certain proprieties: But I have not here time to in- 
(ift upon, as I have not neither to ihew by what means Globules come to 
be thus context, and what thofe Globules are, and many other particulars 
requifite to a full and intelligible explication of this propriety of bodies. 
Nor have I hitherto found indeed an opportunity of profecuting the in¬ 
quiry lo farr as I defign’d $ nor do I know when I may, it requiring abun¬ 
dance of time, and a great deal of afliftance to go through with what I 
defign’d $ the model of which was this: 

Firft,to get as exa& and full a collection as I could, of all the differing 
kinds of Geometrical figur’d bodies, fome three or four feveral bodies of 
each kind. 

Secondly, with them to get as exad a Hiftory as poflibly I could learn 
of tfieir places of Generation or finding, and to enquire after as many 
circumftances that tended to the Illuftrating of this Enquiry, as poflibly 
| could obferve. 

Thirdly, to make as many trials as upon experience I could find re¬ 
quifite,in Diflolutions and Coagulations of feveral cryftallizing Salts ,[fbr 
the needfull inftru&ion and information in this Enquiry. 

Fourthly, to make feveral trials on divers other todies, as Metals, 
Minerals, and Stones, by diffolviog them in feveral Menjiruums, and 
cryftalizing them, to fee what Figures would arife from thofe feveral 
Compofitums. 

Fifthly, 
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Fitfthly, to make Compofitions and Coagulations of feverai Salts to* 
gcther into the fame mate, to obferve of what Figure the produft of 
them would be , and in all, to note as many circumftanccs as I fhould 
judge conducive to my Enquiry. 

Sixthly, to enquire the clofenels or rarity of the texture of thefe bo¬ 
dies, by examining their gravity, and their rcfradiori, 

Seventhly, to enquire particularly what operations the fire has upon 
feverai kinds of Salts, what changes it caufes in their Figures, Textures, 
or Energies. 

Eighthly, to examine their manner of diffolution, or a&ing upon thofe 
bodies dilloluble in them $ The texture of thofe bodies before and after 
the procefs. And this for the Hiftory. 

Next for the Solution, To have examin’d by what, and hoW many 
means, fuch and fuch Figures, a&ions and effedts could be produc’d 
poftibly* 

And laftly, from all ciricumftances Well weigh’d, I fhould haveendea* 
voured to have fhewn which of them was moft likely, and (if the infor- 
mations by thefe Enquiries would have born it) to have demonftrated 
which of them it muff be, and was. 

But to proceed. As I believe it next to the Globular the moft ffmple % 
fo do I, in the fecond place, judge it not lefs pleafant 5 for that which 
makes an Enquiry pleafant, are, firft a noble Inventum that promifes to 
crown the fuccefsfull endeavour 5 and fuch muft certainly the knowledge 
of the efficient and concurrent caufes of all thefe curious Geometrical 
Figures be,which has made the Philofophers hitherto to conclude nature 
in thefe things to play the Geometrician, according to that faying of 
Plato , *0 Oiif y\ Or next, a great variety of matter in the Enqui* 
ry, and here we meet with nothing lefs than the Mathematic/^ of nature, 
having every day a new Figure to contemplate : or a variation of the fame 
in another body. 

Which do afford us a third thing* which will yet more fweetert the En* 
quiry,and that is,a multitude of information 5 we arc not fo much to grope 
in the dark, as in moft other Enquiries, where the Inventum is great 5 for 
having fuch a multitude of inftances to compare, and fuch eafie ways of 
generating,or compounding and of deftroying the form,as in the Solution 
and Cryftallization of Salts, we cannot but learn plentifull information to 
proceed by. And this will further appear from the univerfality of the 
Principle which Nature has made ufe of almoft in all inanimate bodies. 

And therefore, as the contemplation of them all conduces to the know- 
ledg of any one 5 fo from a Scientihcal knowledge of any one does follow 
the fame of all, and every one. 

And fourthly, for the ufefulnefs of this knowledge, when acquir’d, 
certainly none can doubt, that confiders that it caries us a ftep for¬ 
ward into the Labirinth of Nature, in the right way towards the end 
we propofe our felves in all Philosophical Enquiries. So that know¬ 
ing what is the form of Inanimate or Mineral bodies, we fhall be the 
better able to proceed in our next Enquiry after the forms of Vegeta- 
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tive bodies, and laft of all, of Animate ones, that feeming to be the 
higheft ftep of natural knowledge that the mind of man is capable of 



Obferv. XIV. Of feveral kindes of frozen Figures. 


’ • # 7 * r , - * 

I Have very often in a Morning, when there has been a great hoarfrojl 9 
with an indifferently magnifying Microfcope , obftrv’d the fmall Stinse^ 
or Cryftalline beard, which then ufually covers the face of moft bodies 
that lie open to the cold air, and found them to be generally Hexangular 
prifmatical bodies, much like the long Cryftais of Salt-peter , faveonely 
that the ends of them were differing: for whereas thofe of Nitre are for 
the tnoft part pyramidal , being terminated either in a point or edge 5 
-thefeof Froft were hollow, and the cavity in fome ftem’d pretty deep, 
and this cavity was the more plainly to be ften, becaufe ufually one or 
other of the fix parallelogram fides was wanting, or at leaft much fhorter 
then the reft. 

But this was onely the Figure of the Bearded hoar-frofi 3 and as for the 
particles of other kinds of hoar-frofis , they Teem’d for the raoft part irre¬ 
gular, or of no certain (Figure. Nay, the parts, of thofe curious branch¬ 
ings, or vortices , that ufually in cold weather tarnifh the furface of 
Glafs, appear through the Microfcope very rude and unfhapen, as do 
moft other kinds of frozen Figures , which to the naked eye feem exceed¬ 
ing neat and curious, fuch as the Figures of Snom 0 frozen Vrine , Hail y 
feveral Figures frozen in common Water,c^r. Some Obfervations of each 
of which I (hall hereunto annex, becaufe if well confider’d and ex- 
ami’nd, they may, perhaps, prove very inftru&ive for the finding out of 
what I have endeavoured in the preceding Obfervation to fhew, to be 
(next the Globular Figure which is caus’d by congruity , as I hope I have 
made probable in the fixth Obfervation ) the moft fimple and plain opera¬ 
tion of Nature, of which, notwithftanding we are yet ignorant. 

, I. 

Several Obfervables in the fix-branched Figures form'd on the fur- 
face of Vrine by freezing. 

Scbem , *. i The Figures were all frozen almoft even with the furface of the 
Fig. 1. Vrine in the Veflel, but the bigger ftems were a little prominent above 
that furface, and the parts of thofe ftems which were neareft the center 
( a .) were biggeft above the furface. 

2 I have obftrv’d feveral kinds of theft Figures, fome fmaller, no big¬ 
ger then a Two-pence, others fo bigg, that I have by meafure found one 
of its ftems or branches above four foot long 3 and of thefe, fome were 
pretty round, having all their branches pretty necr alike 5 other of them 
were, more extended towards one fide, as ufually thoft very large ones 
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were, which I have obferv’d in Ditches which have been full of foul 
water. 

3 None of all thefe Figures I have yet taken notice of, had anyregu- 
lar pofition in refpect of one another, or of the fides of the Vefiel, nor 
did I find any of them equally to exa&nefs extended every way from 
the center a. 

4 Where ever there was a center,the branchings from it, ab y ac, ad y 
a e, a f ag , were never fewer, or more then fix, which ufually concurr’d, 
or met one another very neer in the fame point or center, a , though 
oftentimes not exactly 5 and were enclin’d to each other by an angle, of 
very necr fixty degrees, 1 fay, very neer, becaule, though having en¬ 
deavoured to meafure them the mod acurately I was able, with the 
larged Compafies I had, I could not find any fenfible variation from that 
meafure, yet the whole fix-branched Figure feeming to compofe a folid 
angle, they mud neceflarily be fomewhat lefs. 

5 The middle lines or dems of thefe branches, a b, a c, a d, a e, a fa ag y 
feem’d fomewhat whiter, and a little higher then any of the intermediate 
branchings of thefe Figures 5 and the center a , was the mod prominent 
part of the whole Figure, feeming the apex of a folid angle or pyramid , 
each ofthe fix plains beinga little enclin’d below the furface of the Vrtn. 

6 The lateral branchings ifiiiing out of the great ones, fuch as 0p , 
nt q , See. were each of them inclin’d to the great ones, by the fame angle 
of about fixty degrees,as the great ones were one to another, and always 
the bigger branchings were prominent above the lefs, and the lefs above 
the lead, by proportionate gradations. 

7 The lateral branches fhooting out of the great ones, went all of them 
from the center, and each of them was parallel to that great branch, next 
to which it lay} fo that as all the branches on one fide were parallel to 
one another, fo were they all of them to the approximate great branch, 
as p 0, q r, as they were parallel to each other,and (hot from the center, 
fo were they parallel alfo to the great branch a b. 

8 Some of the dems of the fix branches proceeded draight, and of a 
thicknefs that gradually grew fharper towards the end, as ag. 

9 Others of the dems of thofe branches grew bigger and knotty to¬ 
wards the middle, and the branches alfo as well as dems, from Cylinders 
grew into Plates, in a mod admirable and curious order, fo exceeding re¬ 
gular and delicate, as nothing could be more, as is vifible in ab,ac,a d , 
a e, af 0 but towards the end of fome of thefe dems, they began again to 
grow fmallerandto recover their former branchings, as about 4 and n. 

10 Many of the lateral branches had collateral branches (if I may fo 

call them) as q m had many fuch as f t, and mod of thofe again fab- 
collateral, as v tv, and thefe again had others lefs, which one may call la~ 
terofabcollateral , and thefe again others, and they others, d v c. in greater 
Figures. ' : 

11 The branchings of the main Stems joyn’d not together by any re¬ 
gular line,nor did one fide of the one lie over the other fide of the other, 
but the finall collateral and fnbcollateral branches did lie at top of one 

O another 
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another according to a certain order or method, which I always obferv‘d 
to be this. 

12 That fide of a collateral or fubcollatera^&c. branchy lay over the 
fide of the approximate (as the feathers in the wing of a Bird) whole 
branchings proceeded parallel to the laft biggeft ftem from which it 
lprung,and not to the biggeft ftem of all, unlefs that were a fecond ftem 
backwards. 

13 This rule that held in the branchings of the Sexangular Figure held 
allb in the branchings of any other great or Imall ftem, though it did 
not proceed from a center. 

14 The exa&nels and curiofity of the figuration of thele branches, 
was in every particular lo tranfcendent, that I judge it almoft impoflible 
for humane art to imitate. 

15 Tailing feveral cleer pieces of this Ice , I could not find any Vrin- 
ous tafte in them, but thole few I tailed. Teem’d as injipid as water. 

16 A figuration lomewhat like this, though indeed in Tome particu¬ 
lars much more curious, I have feveral times obferv’d in regulua martk 
flellatus , but with this difference, that all the Hems and branchings arc 
bended in a moft excellent and regular order, whereas in Ice the Hems 
and branchings are ftreight, but in all other particulars it agrees with 
this, and leems indeed nothing but one of thele ftars,or branched Figures 
frozen on Vrine , diftorted, or wreathed a little, with a certain propor¬ 
tion : Lead allb that has Arfenick^ and lome other things mixt with it, I 
have found to have its lurface, when luffer d to cool, figured lomewhat 
like the branchings of Vrine , but much Imaller. 

17 But there is a Vegetable which does exceedingly imitate thele 
branches, and that is, Fearn , where the main ftem may be obferv’d to 
(hoot out branches, and the ftems of each of thele lateral branches, to 
lend forth collateral , and thole fubcollateral , and thole later0 fubcollate - 
ral , &c. and all thole much after the lame order with the branchings, di- 
vifions, and fubdivifions in the branchings of thele Figures in frozen 
Vrine $ lo that if the Figures of both be well confider’d, one would ghels 
that there were not much greater need of a feminal principle for the pro¬ 
duction of Fearn , then for the produ&ion of the branches of Vrine , or 
the Stella martis , there Teeming to be as much form and beauty in the 
one as in the other. 

And indeed, this Plant of Fearn , if all particulars be well confider'd, 
will leem of as fimple, and uncompounded a form as any Vegetable , next 
to Mould or Mujbromes , and would next after the invention of the forms 
of thofe, delerve to be enquir’d into 5 for notwithftanding feveral have 
affirm’d it to have feed, and to be propagated thereby 5 yet, though I 
have made very diligent enquiry after that particular, I cannot find that 
there is any part of it that can be imagin’d to be more feminal then an¬ 
other : But this onely here by the by: 

For the freezing Figures in Vrine 9 I found it requifite, 

Firft, that the Superficies be notdifturbed with any wind, or other 
commotion of the air, or the like. 

Secondly, 
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Secondly, that it be not too long expofed, lb as that the whole bulk 
be frozen,for oftentimes,in fiich cafes,by reafon of the fwelling the of Ice 9 
or from lome other caufe, the curious branched Figures difappear. 

Thirdly, an artificial freezing with Snow and Salt, apply’d to the out* 
fide of the containing Veflel, fucceedsnot well, unlels there be a very 
little quantity in the Veflel. 

Fourthly, If you take any cleer and fmooth Glafs, and wetting all the 
infideofit with Vrine , you expofe it to a very (harp freezing, you will 
find it cover’d with a very regular and curious Figure* 


Obfervables in figur'd Snow* 

Expofing a piece of black Cloth, or a black Hatt to the falling Snow 9 
I have often with great pleafure, obferv’d fuch an infinite variety of cu- 
rioufly figur’d Snow , that it would be as impoilible to draw the Figure 
and fhape of every one of them, as to imitate exadtly the curious and 
Geometrical Mechanijme of Nature in any one. Some coorfe draughts, 
fuch as the coldnefs of the weather, and the ill provifions, I had by me 
for fuch a purpofe, would permit me to make, I have here added in the 
Second Figure of the Eighth Scheme . 

In all which I obferv’d, that if they were of any regular Figures, they 
were always branched out with fix principal branches, all of equal length, 
fhape and make, from the center, being each of them inclin’d to either of 
the next branches on either fide of it, by an angle of fixty degrees. 

Now, as all thefe ftems were for the moft part in one flake exadily of 
the fame* make, fo were they in differing Figures of very differing ones 5 
fo that in a very little time I have obferv’d above an hundred feveral cizes 
and fhapes of thefe ftarry flakes. 

The branches alfo out of each ftem of any one of thefe flakes, were ex¬ 
actly alike in the fame flake 5 fo that of whatever Figure one of the 
branches were, the other five were fureto be of the fame, very exadtly, 
that is, if the branchings of the one were fmall Teral/elipipeds or Plates, 
the branchings of the other five were of the fame 3 and generally, the 
branchings were very conformable to the rules and method obferv’d be* 
fore, in the Figures on Vrine , that is, the branchings from each fide of 
the ftems were parallel to the next ftem on that fide, and if the ftems 
were plated, the branches alfo were the fame 3 if the ftems were very 
long, the branches alfo were fb, &c. 

Obferving forneof thefe figur’d flakes with a Microfcvpe, I found them 
not to appear fb curious and exadtly figur’d as one would have imagin’d, 
but like Artificial Figures, the bigger they were magnify’d, the moreir- 
regularites appear’d in them 3 but this irregularity feem’d afcribable to 
the thawing and breaking of the flake by the fall, and not at all to the 
defedt of the plafiick^v irtue of Nature, whole curiofity in the formation 
of moft of thefejkind of regular Figures,fuch as thole of Salt Minerals fitc. 

O 2 appears 
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appears by the help of the Microfcope , to be very many degrees fmaller 
then the moft acute eye is able to perceive without it. And though one 
of thefe fix-branched Stars appear’d here below much of the (hape de- 
feribed in the Third Figure of the Eighth Scheme 5 yet I am very apt to 
think,that could we have a fight of one of them through a Microfcope as 
they are generated in the Clouds before their Figures are vitiated by 
external accident$,they would exhibit abundance of curiofity and neat- 
nels there alio, though never lb much magnify’d: For fince I have ob- 
lervd the Figures of Salts and Minerals to be fome of them lo exceeding 
finall,that I have fearcely been able to perceive them with the Microfcope , 
and yet have they been regular, and fince (as far as I have yet examin’d 
it) there feems to be but one and the fame caufe that produces both thefe 
effe&s, I think it not irrational to fuppofe that thefe pretty figur’d Stars 
of Snow , when at firft generated might be alfo very regular and exa&. 

III. 

Several hjnefs of Figures in Water frozen* 

Putting fair Water into a large capacious Veflel of Glafs, and expofing 
it to the cold, I obferv’d after a little time, feveral broad, flat, and thin 
lamina , or plates of Ice , eroding the bulk of the water and one another 
very irregularly, oncly moft of them feem’d to turn one of their edges to¬ 
wards that fide of the Glals which was next it, and feem’d to grow, as 
’twere from the infideofthe Veflel inwards towards the middle, almoft 
like lo many blades of Fern. Having taken leveral of thefe plates out of 
water on the blade of a Knife, I obferv’d them figur’d much after the 
manner of Herring bones , or Fern blades , that is, there was one bigger 
ftem in the middle like the back-bone, and out of it, on either fide, were 
a multitude of Imall ftiria 0 or icicles, like the fmaller bones,or the fmaller 
branches in Fern , each of thefe branches on the one fide, were parallel to 
all the reft on the lame fide, and all of them feem’d to make an angle 
with the ftem,towards the top, of fixty degrees, and towards the bot¬ 
tom or root of this ftem, of 120. See the fourth Figure of the 8. Plate. 

I obferv’d likewile leveral very pretty varieties of Figures in Water, 
frozen on the top of a broad flat Marble-ftone, expos’d to the cold with 
a little Water on it, lome like feathers, lorne of other lhapes, many of 
them were very much of the fhape expreft in the fifth Figure of the 
8. Scheme , which is extremely differing from any of the other Figures. 

I oblerv’d likewile, that the Ihootings of Ice on the top of Water, be¬ 
ginning to freez, were in ftreight prifmatical bodies much likethofeof 
roch-peter , that they croft each other ulually without any kind of order 
or rule, that they were always a little higher then the furface of the Wa¬ 
ter that lay between them, that by degrees thole interjacent Ipaces 
would be fill’d with Ice alio, which ulually would be as high as the fur- 
face of the reft. 

In flakes of Ice that had been frozen on the top ofWater to any con¬ 
siderable 
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fiderable ftrdinefs,1 obfcrv'd that both the limpet and the undef tides 
of it were curioully quill fijrtfrW tl s or grain'd, its it Were, which when 
the Sun (hone on the Plate, Was exceeding eatily tt> be perceiv'd 5 to be 
much after the fhape of the lilies in the 6 . Figure of the 8. Schema, thatis, 
they confided of feveral (freight ends of parallel Plates, which Were of 
divers lengths and angles to one another without any certain order. 

The caufe of all which regular Figures (and of hundreds of others^ 
namely of Salts 0 Minerals^ Metals which I could have here inferted, 

would it not have been too long) feems to be deducible from the fame 
Principles,whieh I have (in the 13. Obferisation') hinted only;, having not 
yet had time to compleat a Theory of them. But indeed (which I there 
alfo hinted) I judge it the fecond (fep by which the Pyramid of natu¬ 
ral knowledge (which is the knowledge of the form of bodies) is to 
be afeended: And whofoever will climb it, muff be well furnifh'd 
with that which the Noble Vernlam calls Seal am IntelleUus^ he murt 
have fealing Ladders, otherwife the ffeps are fo large and high, there 
will be no getting up them, and Confequently little hopes of attaining 
any higher (ration, fuch as to the knowledge of the mo(f fimple principle 
of Vegetation manifefted in Mould and Muflnoraes, which, as I elfe- 
where endeavoured to (hew, feems to be the third (fep 5 for it feems to 
me, that the Intellect of man is like his body, delfitute of wings, and 
cannot move from a lower to a higher and more fublime ffation of know- 
ledg,otherwife then (fep by (fep^nay even there where the way is prepar'd 
ana already made pafiible , as in the Elements of Geometry , or the like, 
Where it is fain to climb a whole ferUs of Propofitions by degrees, before 
it attains the knowledge of one Probleme. But if the afeent be high, dif¬ 
ficult and above its reach, it muff have recourfc to a novum organum , 
lome new engine and contrivance, (ome new kind of Algebra^ or Analy¬ 
tic 4 Art before it can (urmount it. 



Obferv. X V. Of Kettering-ftone, and of the pores (f Inani¬ 
mate bodies . 


T His Stone which is brought from Kettering in Northamptonfjire^nd Scbtm . 

digg’dout of a Quarry, as I am inform'd, has a'grain altogether Fi & l ' 
admirable, nor have I ever feen or heard of any other ffone that has the 
like. - It is made up of an innumerable company of (mall bodies, not all 
of the fame cize or (hape, but for the mo(f part, not much differing from 
a Globular form, nor exceed they one another in Diameter above three 
or four times, they appear to the eye, like the Cobb or Ovary of a Her¬ 
ring , or fome (mailer fifties, but for the moft part, the particles feem 
fomewhat le(s, and not fo uniform 5 but their variation from a perfect 
globular ball,feemsto be only by the prefture of the contiguous bals which 
have a little depreff and protruded thofe touchf fides inward, and forc’d 
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the other fides as much outwards beyond the limits of a Globe 5 juft as 
it would happen,if a heap of exa&ly round Balls of foft Clay were heap'd 
upon one another } or, as I have often feen a heap of Imall Globules of 
Quicksilver , reduc’d to that form by rubbing it much in a glaz’d Veflel, 
with fome llimy or lluggilh liquor, fuch as Spittle, when though the top 
of the upper Globules be very neer fpherical, yet thole that are prelfc 
upon by others, exa&ly imitate the forms of thele lately mention’d 
grains. 

Where thefe grains touch each other, they are lo firmly united or 
fettled together, that they leldom part without breaking a hole in one 
or th’other of them, luch as 4,4,4, £,c,c,&c. Some of which fractions, 
as 4, 4, 4 ,4, where the touch has been but light, break no more then 
the outward cruft, or firft Ihcll of the ftone, which is of a white colour, 
a little dalh’d with a brownifh Yellow,and is very thki,like the (hell of an 
Egg: and I have feen lomc of thofe grains perfe&ly relemble fome kind 
of Eggs.both in colour and lhape: But where the union of the contiguous 
granules has been more firm, there the divulfion has made a greater 
Chaim, as at b y b 0 b , in lb much that I have oblerv’d lome of them quite 
hroken in two, as at c, c, c, which has difeovered to me a further refem- 
blance they have to Eggs,they having an appearance of a white and yelk, 
by two differing liibftances that envelope and encompals each other. 

1 hat which we may call the white was pretty whitilh neer the yelk, 
but more dulkie towards the fhell 5 lome of them I could plainly per^ 
ceive to be (hot or radiated like a Pyrites or fire-flone 5 the yelk in lome 
I law hollow, in others fill’d with a duikie brown and porous lub- 
ftance like a kind of pith. 

The fmall pores, or interftitia e e e e betwixt the Globules, I plainly 
law,and found by other trials to be every way pervious to air and water, 
for I could blow through a piece of this ftone of a confiderable thicknels, 
as eafily as I have blown through a Cane, which minded me of the pores 
which Des Cartes allow his materia fubtilis between the athereal globules. 

The objefr, through the Microjcope , appears like a Congeries or heap 
of Pibbles, luch as I have often feen caft up on the Ihore, by the work¬ 
ing of the Sea after a great ftorm, or like (in lhape, though not colour) 
a company of Imall Globules of Quickfilver, look’d on with a Microfcope y 
when reduc’d into that form by the way lately mentioned. And per¬ 
haps, this laft may give lome hint at the manner of the formation of the 
former : For luppofing lome Lapidejcent fubftance to be generated, or 
fome way brought (either by lome commixture of bodies in the Sea it 
fel£ or protruded in, perhaps, out of lome fabterraneous caverns) to the 
bottom of the Sea,and there remaining in the form of a liquor like Quick¬ 
filver, heterogeneous to the ambient Saline fluid, it may by the working 
and tumblings of the Sea to and fro be jumbled and comminuted into 
fuch Globules as may afterwards be hardned into Flints, the lying of 
which one upon another, when in the Sea, being not very hard, by rca- 
fon of the weight of the incompafiing fluid, may caufe the undermoft to 
be a little,though not much, varied from a globular Figure. But this only 
by the by. After 



Micrographia. 

After what manner this Kettering-fione fhould be generated I cannot 
learn, having never been there to view the place, and obferve the cir- 
cumftances , but it feems to me from the ftrudture of it to be generated 
from fome fubftance once more fluid, and afterwards by degrees growing 
harder, almoft after the fame manner as I fuppofed the generation of 
Flints to be made. 

But whatever were the caufe of its curious texture, we may learn this 
information from it , that even in thofe things which we account vile, 
rude,and coorfe, Nature has not been wanting to (hew abundance of cu- 
riofity and excellent Mechanifme. 

We may here find a Stone by help of a Microfcope , to be made up of 
abundance of fmall Balls, which do but juft touch each other, and yet 
there being fo many conta<fts,they make a firm hard mafs, or a Stone much 
harder then Free-ftonc. 

Next, though we can by a Microscope difeern fo curious a fhape in the 
particles, yet to the naked eye there fcarce appears any fuch things 
which may afford us a good argument to think, that even in thofe bodies 
alio, whole texture we are not able to difeern, though help’d with Micro - 
fcopes , there may be yet latent lb curious a Schematifme , that it may abun¬ 
dantly fatisfie the curious fearcher, who fhall be lo happy as to find lorne 
way to difeover it. 

Next, we here find a Stone, though to the naked eye a very dole one, 
yet every way perforated with innumerable pores,which are nothing elle 
but the interfitia^between thofe multitudes of minute globular particles, 
that compofe the bulk it felf, and thefe pores are not only difeover’d by 
the Microfcope , but by this contrivance. 

I took a pretty large piece of this ftone, and covering it all over with 
cement, fave only at two oppofite parts, I found my felf able, by blowing 
in at one end that was left open, to blow my fpittle,with which I had wet 
the other end, into abundance of bubbles, which argued thefe pores to 
be open and pervious through the whole ftone, which affords us a very 
pretty inftance of the poroufnefs of fome feemingly dole bodies,of which 
kind I fhall anon have occafion tofubjoyn many more, tending to prove 
the fame thing. 

I muft not here omit to take notice, that in this’body there is not a 
vegetative faculty that Ihould fo contrive this ftru&ure for any peculiar 
ule of Vegetation or growth, whereas in the other inftances of vegetable 
porous bodies, there is an anima , or forma inf or mans , that does contrive 
all the Structures and Mechanifmes of the conftituting body, to make 
them fubfervient and ufefull to the great Work or Function they are to 

E erform. And lo I ghels the pores in Wood, and other vegetables, in 
ones,and other Animal fubflances,to be as fo many ehannels,provided by 
the Great and Alwlle Creator, for the conveyance of appropriated juyees 
to particular parts. And therefore,that this may tend, or be pervious all 
towards one part,and may have impediments,as valves or the like, to any 
other 5 but in this body we have very little reafon to fufpeft there (hould 
be any fuch defign, for it is equally pervious every way, not onely for- 
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ward, but backwards,and fide-ways, and feems indeed much rather to be 
Homogeneous or fimilar to thofe pores, which we may with great proba¬ 
bility believe to be the channels of pellucid bodies, not dire&ed, or more 
open any one way, then any other, being equally pervious every way. 
And, according as thefe pores are more or greater in relpett of the in - 
terjlitial bodies, the more tranfparent are the lo conftituted concretes j 
and the fmaller thole pores are, the weaker is the Impulfe of light com¬ 
municated through them, though the more quick be the progrds. 

Upon this Occafion, I hope it will not be altogether unfeafonable, if I 
propound my conjectures and Hypothecs about the medium and con¬ 
veyance of light. 

I fuppofe then, that the greateft part of the Interfiitia of the world, 
that lies between the bodies of the Sun and Starrs, and the Planets, and 
the Earth, to be an exceeding fluid body, very apt and ready to be 
mov’d,and to communicate the motion of any one part to any other part, 
though never fo far diftant: Nor do I much concern my felf, to deter¬ 
mine what the Figure of the particles of this exceedingly fubtile fluid 
medium muft be, nor whether it have any interftitiated pores or vacui- 
ties,it being fufficient to folve all the Thtenomena to fuppole it an exceed¬ 
ingly fluid, or the moft fluid body in the world, and as yet impoflible to 
determine the other difficulties. 

That being fo exceeding fluid a body,it ealily gives paflage to all other 
bodies to move to and fro in it. 

That it neither receives from any of its parts, or from other bodies 5 
nor communicates to any of its parts, or to any other body, any impulfe, 
or motion in a direCt line, that is not of a determinate quicknefs. And 
that when the motion is of fuch determinate fwiftnels, it both receives, 
and communicates,or propagates an impulfe or motion to any imaginable 
diftancein ftreight lines, with an unimaginable celerity and vigour. 

That all kind of (olid bodies conlift of pretty mallie particles in re- 
fpeft of the particles of this fluid medium , which in many places do fo 
touch each other,that none of this fluid medium interpofes much after the 
fame mannner (to ufe a grofs fimilitude) as a heap of great (tones compaft 
one great congeries or mafs in the midft of the water. 

That all fluid bodies which we may call tangible , are nothing but forne 
more fubtile parts of thofe particles, that ferve to conftiture all tangible 
bodies. 

That the water, and fuch other fluid bodies, are nothing but a 
congeries of particles agitated or made fluid by it in the fame manner as 
the particles of Salt are agitated or made fluid by a parcel of water, in 
which they are diflolv’d, and fubfiding to the bottom of it, conftitute a 
fluid body, much more maflie and denlc, and lefs fluid then the pure 
water it (elf 

That the air on the other fide is a certain company of particles of quite 
another kind, that is, fuch as are very much fmaller, and more eafiely 
moveable by the motion of this fluid medium 5 much like thofe very fub¬ 
tile parts of Cochenel^nd other very deep tinging bodies,where by a very 
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fmall parcel of matter is able to tinge and diffufe it /elf over a very great 
quantity of the fluid diflolvent $ or fomewhat after that manner, as 
(moakj andfuch like minute bodies, or fteams, are obferv’dto tinge a 
very great quantity of air ; onely this Jaft fimilitude is deficient in one 
propriety, and that is a perpetuity or continuance in that ftate of com¬ 
mixture with the air, but the former does more needy approach to the 
nature and manner of the airs being diflolv’d by this fluid or &ther. 
And this Similitude will further hold in thefe proprieties ; that as thofe 
tin&ures may be increafed by certain bodies,fo may they be precipitated 
by others 5 as I fhall afterwards fhew it to be very probable, that the like 
accidents happen even to the Air it felf. 

Further, as thefe fblutions and tin&ures do alter the nature of thefe 
fluid bodies,asto their aptnefs to propagate a motion or imptdfe through 
them, even fo does the particles of the Air, Water, and other fluid bo¬ 
dies, and of Clafs, Cryftal, which are commixt with this bulk of the 
JEther^ alter the motion of the propagated pulfe of light; that is', where 
thefe more bulkie particles are more plentifull, and confequently a lefler 
quantity of the JEther between them to be mov’d,there the motion muff 
neceflarily be the fwifter,though not fo robuft, which will produce thofe 
effefrs, which I have (I hope) with fome probability, afcribed to it in 
the digreflicn about Colours, at the end of the Observations on Mufi 
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Now, that other Stones, and thofe which have the elofeft and hardeft 
textures, and feem (as far as we are able to difcover with our eyes, 
though help'd with the beft Microfeopes') freeft from pores, are yet not¬ 
withstanding replenifh’d with them 5 an Inftance or two will, 1 fuppofe, 
make more probable. 

A very folid and unflaw'd piece ofcleer white Marble , if it be well 
polifh’d and glaz’d, has fo curioufly fmooth a furface, that the beft and 
Hioft polilh’d furface of any wrought-glafs, feems not to the naked eye, 
nor through a Microscope , to be more fitiooth, and lefs porous. And yet, 
that this hard dole body is replenifh’d with abundance of pores, I think 
thefe following Experiments Will fufhciently prove. 

The firft is. That if you take fuch a piece* and for a pretty while boy I 
5 t in Turpentine and Oyl of Turpentine* you fhall find that the ftone will 
be all imbu’d with it 5 and whereas before it look’d more white,but more 
opacous, now it will look more greafie, but be much more tranfparent, 
and if you let it lie but a little while, and then break off a part of it, you 
(hall find theun&uous body to have penetrated it to fuch a determinate 
depth every way within the furface. This may be yet eafier try’d with a 
piece of the fame Marble ^ a little warm’d in the fire,and then a little Pitch 
or Tarr melted on the top of it; for thefe black bodies, by their Infinu- 
ating themfelves into the invifible pores of the ftone. ting it with fo black 
a hue, that there can be, no further doubt of the truth this aflertion, 
that it abounds with fmall imperceptible pores. 

Now, that other bodies will alfo fink into the pores of Marble 0 befides 
I have try’d, and found, that a very Blue tinfture made in 
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fyirit of Vrine would very readily and eafily fink into it, as would alfo 
(everal tin&ures drawn with Jpirit of Wine. 

Nor is Marble the only feemingly clofe ftone,which by other kinds of 
Experiments may be found porous $ for I have by this kind of Experi¬ 
ment on divers other ftones found much the fame efFeft, and in lbme, in¬ 
deed much more notable. Othtr ftones I have found fo porous, that with 
the Microfcope I could perceive feveral fmall winding holes, much like 
Worm-holes,as I have noted in fome kind of Vurbeckzjione, by looking on 
theliirfaceof a piece newly flaw’d off, for if otherwife, thefurface has 
been long expos’d to the Air, or has been fcraped with any tool, thole 
lmall caverns are fill’d with duft,and difappear. 

And to confirm this Conje&nre , yet further ,1 (hall here infert an excel¬ 
lent account,given into the Royal Society by that Eminently Learned Phy- 
fician, Do&or Goddard, of an Experiment, not lefs inftru£live?then curi¬ 
ous and accurate, made by himlelf on a very hard and leemingly dole 
ftone call’d Oculus Mundi , as 1 find it preferv’d in the Records of that 
Honourable Society. 

A fmall ftone of the kind, call’d by fome Authours, Oculus 
Mundi > being dry and cloudy, weigh’d 5 ^ Grains. 

The fame put under water for a night, and fomewhat more, 
became tranfparent, and the fuperficies being wiped dry, 
weighed 6 ~- 6 Grains. 

The difference between thefe two weights, o of a Grain. 

The fame Stone kept out of water one Day and becoming 
cloudy again weighed, Graines . 

Which was more then the firft weight, o~ of a Grain. 

The fame being kept two Days longer weighed, 5^ Grams. 

Which was lefs then at firft, o^- of a Grain. 

Being kept dry fomething longer it did not grow fenfibly 
lighter. 

Being put under water for a night and becoming again tranf¬ 
parent and wiped dry, the weight was, 6 ^ Grains , the fame 
with the firft after putting in water, and more then the laft 
weight after keeping of it dry, ofj of a Grain. 

Another Stone of the fame kind being variegated with milky 
white and gray like fome forts of Agates , while it lay under water, 
wasalwaies invironed with little Bubbles, fuch as appear in 
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water a little before boyling, next the fides of the Veffel. 

There were alfo fomethe like Bubbles on the Surface of the 
water juft over it, as if either i'ome exhalations came out of it, 
or that it did excite lome fermentation in the parts of the Water 
contiguous to it. 

There was little fenftble difference in the transparency of this 
Stone,before the putting under water, and after; To be fyre the 
milky -white parts continued as before, but more difference in 
weight then in the former.. For whereas before the putting 
into the water the weight was 18 "|- Grams .. After it had lyen 
in about four and twenty hours the weight was 2 6^ Grams , fo 
the difference was, 1 ~ Grams . 

The fame Stone was infufed in the water fealding hot, and fo 
continuedfor awhile after it was cold, but got no more weight 
then upon infufing in the cold, neither was there any fenfible 
Difference in the weight both times* 


In which Experiment,there ate three Obfervablcs,that feem very mant* 
feftly to prove the poroufnefs of thde feemlngly dole bodies: the firft 
is their acquiring a tranfparency, and lofing their whitenefs after keeping 
in water, which will feem the more frrongly to argue ir, if what I have 
already laid about the making tranfparent, or clarifying of lome bodies, 
as the white powder of beaten Glafs, and the froth of fome glutinous 
tranfparent liquor be well confider’cU for thereby it will feem rational 
to think that this transparency arifes from the insinuation of the water 
(which has much the fame refra&ion with luch ftony particles, as may be 
difeoverdby Sand view'd with a Microfcopc)\nto thofe pores which were 
formerly repleat with air (that has a very differing refra&ion, and con- 
iequently is very reflexive) which feems to be confirm’d by the lecond 
Obfervable, namely, the increafeof Weight after fteeping, and decreafe 
upon drying. And thirdly,feem’d yet more fenfibly confirm’d by the mul¬ 
titude of bubbles in thelaft Experiment. 

We find alfo mod: Acid Salts very readily to diflolve and feparate the 
parts of this body one from another $ which is yet a further Argument to 
confirm the poroulnefs of bodies, and will ferve as luch, to fhew that 
evenGlafs alfo has an abundance of pores in it,fince there are feveral li¬ 
quors, that with long fraying in a date, will fo Corrode and eat into it, as 
atlafr, to'make it pervious to the liquor it contain’d, of which I have 
feen very many Infrances* 

Since therefore we find by other proofs, that many of thofe bodied 
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which we think the moft folid ones, and appear fo to our fight, have not- 
withftanding abundance of thofe grofler kind of pores, which will ad¬ 
mit feveral kinds of liquors into them, why fhould we not believe that 
Glafs, and all other tianfparent bodies abound with them, fince we have 
many other arguments, befides the propagation of light, which feem to 
argue for it ? 

And whereas it may be obje&ed, that the propagation of light is no 
argument that there are thofe atomical pores in glafs, fince there are Hy- 
potbefes plaufible enough to fblve thofe rhwomena, by fiippofingthe 
pulfe onely to be communicated through the ti anfparent body. 

To this I anfwer, that that Hypothecs which the induftrious Moreanus 
has publifh’d about the (lower motion of the end of a Ray in a denfer 
medium^ then in a more rare and thin,feems altogether unlufBcient to lolve 
abundance of Vh&nomena^ of which this is not the leaft confiderable,that 
it is impoflible from that fuppofition, that any colours (hould be gene¬ 
rated from the refra&ion of the Rays 5 for fince by that Hypothecs the 
undulating pulfe is always carried perpendicular, or at right angles with 
the Ray or Line of dire&ion, it follows, that the ftroke of the pulfe of 
light, after it has been once or twice refra&ed (through a Prifine,for ex¬ 
ample) muft afFefr the eye with the fame kind of ftroke as if it had not 
been refra&ed at all. Nor will it be enough for a Defendant of that By 
pothefis , to fay, that perhaps it is becaufe the refradions have made the 
Rays more weak, for if lo, then two refradions in the two parallel fides 
of a Quadrangular Prifne would produce colours, but we have no fuch 
Phenomena produc’d. 

There are feveral Arguments that I could bring to evince that there 
are in all tranfparent bodies fuch atomical pores. And that there is fuch 
a fluid body as I am arguing for, which is the medium , or Inftrument, by 
which the pulfe of Light is convey’d from the lucid body to the en- 
lightn’d. But that it being a digreflion from the Obfervations I was re¬ 
cording, about the Pores of Kettering Stone , it would be too much fuch, 
if I fhould protrad it too long 5 and therefore I fhall proceed to the 
next Obfervation. 


Obferv. XVI. Of Charcoal, or burnt Vegetables. 

C Harcoal,or a Vegetable burnt black,affords an objed'no lefs pleafant 
than inftrudive 5 for if you take a fmall round Charcoal,and break 
it fbort with your fingers, you may perceive it to break with a very 
fmooth and fleck furface, almoft like the furface of black fealing Wax } 
this furface, if it be look’d on with an ordinary Mcrofcope , does manifeft 
abundance of thofe pores which are alfo vifible to the eye in many kinds 
of tVood 0 rang’d round the pith, both ajn kind of circular order, and a 
radiant one. Of thefe there are a multitude in the fubftance of the Coal, 
every where almoft perforating and drilling it from end to end $ by 
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means of which, be the Coal never fo long, you may eafily blow through 
it 5 and this you may prefently find,by wetting one end of it with Spittle, 
and blowing at the other^ 

But this is not all, for befides thofe many great and confpicuous irre¬ 
gular Ipots or pores, if a better Aticrofcope be made ufe of, there will ap¬ 
pear an infinite company of exceedingly lmall, and very regular poresj 
fo thick and fo orderly fet, and fo clofe to one another, thatthey leave 
very little room or fpace between them to be fill’d withafolid body, for 
the apparent * interjiit 7 a , or feparating fidesofthefe pores feem fb thin in 
fbme places, that the texture of a Honey-comb cannot be more porous. 
Though this be not every where fo, the intercurrent partitions in 
fome places being very much thicker in proportion to the holes. 

Moft of thefe fmall pores feem’d to be pretty round, and were rang’d 
in rows that radiated from the pith to the bark* they all of them 
feem’d to be continued open pores, running the whole dength of the 
Stick 5 and that they were all perforated, I try’d by breaking off a very 
thin fliver of the Coal crofs-ways, and then with my AliCrofcope^ diligent¬ 
ly furveying them againft the light, for by that means I was able to fee 
quite through them. 

Thefe pores were fo exceeding fmall and thick,that in a line of them, 
d, part of an Inch long, I found by numbring them no Jefs then 150. 
fmall pores 5 and therefore in a line of them an Inch long, rauft be no lefs 
then 2700. pores, and in a circular area of an Inch diameter, muft be 
about 5725350. of the like pores5 fo that a Stick of an Inch Diameter, 
may containe no lefs then feven hundred and twenty five thonfand, be¬ 
fides 5 Millions of pores,which would, I doubt not, feem even incredible, 
were not every one left to believe his own eyes. Nay, having fince ex¬ 
amin’d Cocus , blacky and green Ebony^ Lignum Vitale. I found, that all 
thefe Woods have their pores, abundantly fmaller then thofe of loft light 
Wood 5 in fo much, that thofe of Guajacum feem’d not above an eighth 
part of the bignefs of the pores of Beech, but then the Interfiitia were 
thicker , fo prodigioufly curious are the contrivances, pipes, or fluces by 
which the Succus nutritius^ or Juyce of a Vegetable is convey’d from 
place to place. 

This Obfervation feems to afford us the true reafon of feveral Phe¬ 
nomena of Coals 5 as 

Firft, why they look black 5 and for this we need go no further then 
the scheme , for certainly, a body that has fb many pores in it as this is dif- 
cover’d to have, from each of which no light is reflected, muft neceflarily 
look black, efpecially, when the pores are fomewhat bigger in proporti¬ 
on to the intervals then they are cut in the Scheme , black being nothing 
elfe but a privation of Light, or a want of reflection 5 and wherefbver 
this reflecting quality is deficient, there does that part look black, whe¬ 
ther it be from a poroufnefs of the body, as in thisInftance,or in a deadning 
and dulling quality, fuch as I haveobferv’d in the Scoria of Lead, Tin, 

Silver, Copper, &c, <■ 

Next, we may alfo as plainly fee the reafon of its fhining quality, and 
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that is from the even breaking off of the ftick, the folid interjiitia 
having a regular termination or farface, and having a pretty ftrong re- 
fic&ing quality, the many fmall refledcions become united to the naked 
eye,and make a very pretty fhining furfacc. 

Thirdly,the reafon of its hardnefs andbrittlenefs feems evident ,for fince 
all the watery or liquid fubftance that moiftn’d and toughn’d thole Inter- 
jivtia of the more folid parts, are evaporated and remov’d, that which 
is left behind becomes of the nature almoft of a Hone, which will not at 
alitor very little,bend without a divulfion or folution of its continuity . 

It is not my defign at preferrt, to examine the ule and Mechanijme of 
thefeparts of Wood, that being more proper to another Enquiry 5 but 
rather to hint, that from this Experiment we may learn, 

Firft, what is thecaufe of the blacknefs of many burnt bodies, which 
we may find to be nothing elfe but this 5 that the heat of the fire agi¬ 
tating'and rarifying the waterifh, tranfparent, and volatile water that is 
contain d in them,by the continuation of that addon, does fo totally expel 
and drive away all that which before fill'd the pores, and wasdifpers’d 
alio through the folid mals of it, and thereby caus'd an univerfal kind of 
tranfparency, that it not onely leaves all the pores empty, but all the In - 
terjlitia alfb lb dry and op atom, and perhaps alfo yet further perforated, 
that that light onely is reflected back which falls upon the very outward 
edges of the pores, all they that enter into the pores of the body, never 
returning, but being loft in it. 

Now, that the Charring or coaling of a body is nothing elfe, may be 
eafily believ’d by one that fhall conlider the means of its production, 
which may be done after this, or any fuch manner. The body to be 
charr’d or coal’d, may be put into a Crucible, Pot,or any other Veilel that 
will endure to be made red-hot in the Fire without breaking, and then 
cover’d Over with Sand, lb as no part of it be fufter’d to be open to the 
Air, then let into a good Fire, and there kept till the Sand has continu’d 
red hot for a quarter, half, an hour or two, or more, according to the 
nature and bigneft of the body to be coal’d or charr’d, then taking it out 
of the Fire,and letting it ftand till it be quite cold,the body may be taken 
out of the Sand well charr’d and cleans’d of its waterifh parts ^ but in the 
taking of it out, care muft be had that the Sand be very neer cold, for 
elfe, when it comes into the free air, it will take fire, and readily bum 
away. 

This may be done alio in any dole Velfel of Glafs, as a Retort , or the 
like, and the feveral fluid lubftances that come over may be receiv’d in? 
afi t Recipient, which will yet further countenance this Hypotbejis : And 
their manner of charring Wood in great quantity comes much to the lame 
thing, namely, an application of a great heat to the body, and rrelerving 
it ftom the free adcels of the devouring air $ this may be eafily learn’d 
from the Hiftory of Charring of Coal, moft excellently dcfcrib'd and 
publilli’d by that moft accomplifh’d Gentleman, Mr. John Evelin , in the 
too, 101,103, pages of his Sylva, to which I fhall therefore refer the cu¬ 
rious Reader that deftres a full information of it. 
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Next, we may learn what part of the Wood it is that is the combuflibte 
mattery for (ince we (hall find that none, or very little of thole fluid fub- 
ftances that are driven over into the Receiver are combujlible , and that 
moft of that which is left behind is fo,it follows, that the folid interjlitia 
of the Wood are the combujlible matter* Further, the reafon why un- 
charr’d Wood burns with a greater flame then that which is charr'd, is as 
evident, becaufe thofe waterifh or volatil parts ifliiing out of the fired 
Wood, every way, not onely (flatter and open the body, the better for 
the fire to enter, but ifl'uing out in vapours or wind, they become like 
lo many little ceolipiles , or Bellows, whereby they blow and agitate the 
fir’d part, and conduce to the morefpeedy and violent confumption or 
diflolution of the body. ' ' ) 

Thirdly, from the Experiment of charring of Coals (whereby we fee 
that notwithftanding the great heat, and the duration of it, the folid 
parts of the Wood remain, whileftthey are preferv’d from the free accefs 
of the air undiflipatcd) we may learn,that which has not,thatI know of, 
been publifh’d or hinted, nay, not fo much as thought of, by any 3 and 
that in fhort is this. 

Firft, that the Air in which we live, move, and breath, and which en- 
compalles very many, and cherifhes mofc bodies it encompafles, that this 
Air is the menjlruum 6 oruniverfal diflolvent of all Sulphureous bodies. 

Secondly, that this a&ion it performs not, till the body be firfl fuffi- 
ciently heated, as we find requisite alio to the diflolution of many other 
bodies by feveral other menjlruums. 

Thirdly, that this adtion of diflolution, produces or generates a very 
great heat,and that which we call Fire 3 and this is common alio to many 
diflolutions of other bodies, made by menjlruums* of which I could give 
multitudes of Infiances. : : . i :. ! 

Fourthly, that this attion is perform’d with fo great a violence, and 
does fo minutely a &, and rapidly agitate the fmallefl: parts of the com• 
bujlible matter, that it produces in the diaphanous medium of the Air, the 
a&ion or pulfe of light,which what it is, I have elle-where already (hewn. 

Fifthly,/to the dijjolution of fulphureous bodies is made by a fubftance 
inherent, and mixt with the Air, that is like, if not the very fame, with 
that which is fixt m Salt-peter ^ which by multitudes of Experiments that 
may be made with Saltpeter^ will, I think,moft evidently be demonftrated. 

Sixthly, that in this dijjolution of bodies by the Air, a certain part is 
united and mixt, ordiflolv’d and turn’d into the Air, and made to fly up 
and down with it in the fame manner as a metalline or other body difi 
fblv’d into any menjlruums , does follow the motions and progrefles of 
that menjlruum till it be precipitated. 

Seventhly, That as there is one part that is difloluble by the Air,fo are 
there other parts wi th which the parts of the Air mixing and uniting, 
do make a Coagulum , or precipitation , as one may call it, which caufes 
it to be leparated from the Air, but this precipitate is lo light, and in 
(o final! and rarify’d or porous clufters, that it is very volatil, and is eafily 
carry’d up by the motion ofthe Air^though afterwards,when the heat and 
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agitation that kept it rarify’d ceafes,it eafily condenfes,and commixt with 
other indifloluble parts, it {ticks and adheres to the next bodies it meets 
withall $ and this is a certain Salt that may be extracted out of Soot . 

Eighthly, that many indifloluble parts being very apt and prompt to 
be rarify’d, and lo, whilcft they continue in that heat and agitation, are 
lighter then the Ambient Air, are thereby thruft and carry’d upwards 
with great violence, and by that means carry along with them, not onely 
that Saline concrete I mention’d before, but many terreftrial, or indif- 
fbluble and irrarefiable parts, nay, many parts alfo which are difloluble, 
but are not fufier’d to flay long enough in a fufficient heat to make them 
prompt and apt for that a&ion. And therefore we find in Soot , not onely 
a part, that being continued longer in a competent heat, will be dil- 
folv’d by the Air, or take fire and burn, but a part alfo which is fixt, ter¬ 
reftrial, and irrarefiable. 

Ninthly, that as*there are thefe feveral parts that will rarifie and fly, 
or be driven up by the heat, fo are there many others, that as they are 
indifloluble by the aerial menfiruum fo are they of fuch fluggifh and grofi 
parts, that they are not eafily rarify’d by heat, and therefore cannot be 
rais’d by it $ the volatility or fixtnels ofa body leeming to confift only in 
this, that the *one is of a texture, or has component parts that will be 
eafily rarify’d into the form of Air, and the other, that it has fuch as will 
not,without much ado,be brought to fuch a conftitution 5 and this is that 
part which remains behind in a white body call’d Allies, which contains 
a fubftance,or Salt^v/hich Chymifts call Alkali: what the particular natures 
of each of thefe bodies are, I fhall not here examine, intending it in an¬ 
other place,but {hall rather add that this Hypothecs does fo exaaly agree 
with all Vhanomena of Fire, and fo genuinely explicate each particular 
circumftance that I have hitherto obferv’d, that it is more then probable, 
that this caufe which I have aflign’d is the true adequate, real, and onely 
caufe of thofe Phanomena 5 And therefore I fhall proceed a little fur¬ 
ther, to fhew the nature and ufe of the Air. 

Tenthly,therefore the diflolving parts of the Air are but few,that is,it 
feems of the nature of thofe Saline mcnfiruums , or fpirits, that have very 
much flegme mixt with the lpirits, and therefore a fmall parcel of it is 
quickly glutted, and will diflolve no more 5 and therefore unlels lome 
frelhpart of this menfiruum be apply’d to the body to be diflolv’d, the 
a&ion ceafes, and the body leaves to be diflblv’d and to ftiine, which is 
the Indication of it, though plac’d or kept in thegreateft heat, whereas 
Salt-peter is a menfiruum , when melted and red-hot, that abounds more 
with thole Diflolvent particles, and therefore as a fmall quantity of it 
will diflolve a great fulphureous body, fo will the diflblution be very 
quick and violent. 

Therefore in the Eleventh place, it is obfervable, that, as in other 
folutions, if a copious and quick fupply of frefti menfiruum , though but 
weak, be poured on, or applied to the difloluble body, it quickly con- 
{umesit: So this menfiruum of the Air, if by Bellows, or any other fuch 
contrivance, it be copioufly apply’d to the ihining body, is found to 
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diflolve it as foon, and as violently as the more ftrong mnjlrmm of 
melted Nitre. 

Therefore twelfthly, it feemsreafbnable to think that there is no fucfi 
thing as an Element of Fire that fhould attradfor draw up the flame, or 
towards which the flame fhould endeavour to afcend out of a defire or 
appetite of uniting with that as its Homogeneal primitive and generating 
Element ^ but that that fhining tranfient body which we call Flame , is 
nothing elfe but a mixture of Air, and volatil fulphureous parts of diflo- 
luble or combuffible bodies, which are adfing upon each other whil’fl 
they afcend, that is, flame feems to be a mixture of Air, and the com¬ 
buftible volatil parts of any body, which parts the encompafling Air 
does diflolve orworkupon,whichadfion,asit does intend the heat of the 
aerial parts of the diflolvent,fo does it thereby further rarifie thole parts 
that are a&ing, or that are very neer them, whereby they growing much 
lighter then the heavie parts of that Menjlruum that are more remote,are 
thereby protruded and driven upward 5 and this may be eafily obferv’d 
alfb in diflolutions made by any other menjlruum , efpecially fuch as either 
create heat or bubbles. Now, this adlion of the Mcnjluum , or Air , on the 
diiloluble parts, is made with fuch violence, or is fuch, that it imparts 
fuch a motion or pulfe to the diaphanous parts of the Air, as I have elfe- 
wherefhewn is requifite to produce light. 

This Hypothecs I have endeavoured to raife from an Infinite ofObfer- 
vations and Experiments, the procefs of which would be much too long 
to be here inferted, and will perhaps another time afford matter copious 
enough for a much larger Difcourfe, the Air being a Subject which 
(though all the world has hitherto liv’d and breath’d in,and been uncon- 
verfant about)has yet been fo little truly examin’d or explain’d,that a di* 
ligent enquirer will be able to find but very little information from what 
has been (till of late) written of it: But being once well underffood, it 
will, I doubt not, inable a man to render an intelligible, nay probable, if 
not the true reafbn of all the Phenomena of Fire, which, as it has been 
found by Writers and Philofophers of all Ages a matter of no fmall dif¬ 
ficulty, as may be fufficiently underffood by theirffrange Hypothefes , and 
unintelligible Solutions of fome few Ph£nomena of it 5 fo will it prove a 
matter of no fmall concern and ufein humane affairs, as I lhall elfewhere 
endeavour to manifeff when I come to fhew the ufe of the Air in refpi- 
ration, and for the prefervation of the life, nay, for the confervation and 
reffauration of the health and natural conffitution of mankind as well as 
all other aereal animals , as alfo the ufes of this principle or propriety of 
the Air in chymical, mechanical, and other operations. In this, place I 
have onely time to hint an Hypothecs , which, if God permit me life and 
opportunity, I may elfewhere profecute, improve and publifh. In the 
meantime, before! finifh this Difcourfe, I muff not forget to acquaint the 
Reader,that having had the liberty granted me of making fome trials on 
a piece of Lignum fojjile fhewn to the Royal Society, by the eminently 
Ingenious and Learned Phyflcian, Doftor Ent , who receiv’d it for a Pre- 
fent from the famous Ingeniofo Gavalliero de Pozzi. it being one of the faireft 
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and bcft pieces of Lignum fojfde he had feen, Having (I fay) taken a 
fmall piece of this Wood, and examin’d it, I found it to burn in the open 
Air almoft like other Wood, and infteed of a refinous fmoak or fume, 
it yielded a very bituminous one, fmelling much of that kind of lent: But 
that which I chiefly took notice of, was, that cutting off a fmall piece of 
it, about the bignefs of my Thumb, and charring it in a Crucible with 
Sand, after the manner I above preferib’d, I found it infinitely to abound 
with the (mailer fort of pores, fo extreme thick, and fo regularly perfo¬ 
rating the fubftance of it long-ways, that breaking it off a-crofs, I found 
it to look very like an Honey-comb 5 but as for any of the fecond, or 
bigger kind of pores, I could not find that it had any 5 fo that it foems, 
whatever were the caufe of its production, it was not without thofe 
imall kind of pores which we have onely hitherto found in Vegetable bo¬ 
dies : and comparing them with the pores which I have found in the Char¬ 
coals that I by this means made of feveral other kinds of Wood, I find it 
fefomble none fo much as thofo of Firr, to which it is not much unlike in 
grain alfo, and feveral other proprieties. 

And therefore,what ever is by fome, who have written of it,and parti¬ 
cularly by Francifco SteUuto^ who wrote a Treatife in Italian of thatSub- 
je&,which was Printed at Rome , 1637. affirm’d that it is a certain kind of 
Clay or Earth, which in trafr of time is turn’d into Wood,I rather fufpeft 
the quite contrary, that it was at firft certain great Trees of Fir or Pine, 
which by fome Earthquake, or other cafoalty, came to be buried under 
the Earth,and was there,after a long time’s refidence(according to the fo- 
veral natures of the encompafling adjacent parts)either rotted and turn’d 
into a kind of Clay, or petrify d and turn’d into a kind of Stone, or ehe 
had its pores fill’d with certain Mineral juices,which being ftayd in them, 
and in tratt of time coagulated, appear’d, upon cleaving out,like fmall 
Metaline Wires, or elfofrom fome flames or fcorching forms that are the 
occafion oftentimes,and ufually accompany Earthquakes,might be blafted 
and turn’d into Coal, or elfo from certain fabterraneous fires which are 
affirm’d by that Authour to abound much about thofo parts (namely, in 
a Province of Italy , call’d Vmbria , now the Dutchie of Spoletto , in the 
Territory of Todi, anciently call’d Tudors and between the two Villages of 
Co//eJecco and Rojaro not far diftant from the high-way leading to Rome , 
where it is found in greater quantity then elfewhere)are by reafon of their 
being encompafled with Earth, and fo kept clofe from the diflolving Air, 
charr’d and converted into Coal. It would be too long a work to de- 
feribe the feveral kinds of pores which I met withall, and by this means 
difoovered in foveral other Vegetable bodies 5 nor is it my prefont defign 
to expatiate upon Inftances of the fame kind, but rather to give a Spe¬ 
cimen of as many kinds as I have had opportunity as yet of obforving, re- 
forving the profecution and enlarging on particulars till a more fit op¬ 
portunity j and in profecution of this defign, I fhall here add: 
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- Obferv. XVII. Of Petrify’d wood, and other Yetrify'd bodies. 

O F this fort of fubflance, I oblerv’d feveral pieces of very differing 
kinds, both for their outward fhape, colour, grain, texture, hard- 
nels, &c. fome being brown and redifh 5 others gray, like a Hone 3 others 
black, and Flint-like : fome foftdikea Slate or Whetftone, others as hard 
as a Flint, and as brittle. That which I more particular examin’d,was a 
piece about the bignefs of a mans hand, which feem’d to have been a part 
of fome large tree, that by rottennels had been broken off from it before 
it began tob cpetrifyd. 

And indeed, all that I have yet feen, feem to have been rotten Wood 
before the petrifaction was begun 5 and not long fince, examining and 
viewing a huge great Oal^, that feem’d with meer age to be rotten as it 
flood, I was very much confirm'd in this opinion 3 for I found, that the 
grain, colour, and fhapeof the Wood, was exactly like this petrify di ub- 
ilance 3 and with a Microfcope , I found, that all thole Microfcopical pores, 
which in lappy or firm and lound Wood are fill’d with the natural or in¬ 
nate juices of thofe Vegetables, in this they were all empty, like thole 
oi.Vegetables chart'd 3 but with this difference, that they feem’d much 
larger then I have feen any in Char-coals 3 nay, even then thole of Coals 
made of great blocks of Timber, which are commonly call’d Old-coals . 

The reafon of which difference may probably be, that the charring of 
Vegetables, being an operation quickly perform’d,and whilefl the Wood 
is lappy, the more lolid parts may more eafily fhrink together, and con¬ 
tra# the pores or interjlitia between them, then in the rotten Wood, 
where that natural juice feems onely to be walk’d away by adventitious 
or unnatural moiflure 3 and fo though the natural juice be walled from 
between the firm parts, yet thofe parts are kept afunder by the adventi¬ 
tious moylfures, and fo by degrees fettled in thofe poftures. 

- And this I like wife found in the petrify 1 d Wood, that the pores were 
fbmewat bigger then thofe of Charcoal , each pore being neer upon half 
as bigg again, but they did not bear that difproportion which is exprefl 
in the tenth Scheme , between the fmall fpecks or pores in the firft Fi¬ 
gure (which reprefenteth the pores of Coal or Wood charr’d) and the 
black fpcts of the fecond Figure (which reprefent the like Microfcopical 
pores in the petrify d W’ood) for thefe lafl were drawn by a Micro/cope that 
magnify’d the obje# above fix times more in Diameter then the Micro- 
fcope by which thole pores of Coal were obferv'd. 

Now, though they were a little bigger, yet did they keep the exa# 
figure and order of the pores of Coak and of rotten Wood, which lafl 
alfb were much of the lame cize. 

The other Oblervations on this petrify’d fubflance, that a while fince, 
by the appointment of the Royal Society , I made, and prelented to them 
an account of, were thefe tfiat follow, which had the honour done them 
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by the moft accomplifh’d Mr. Evclin 3 my highly honour’d friend;, to be 
inferted and publiftied among thofe excellent Obfervations wherewith 
his Sylva is replenilh’d, and would therefore have been here omitted,had 
not the Figure of them, as they appear’d through the Mkrofiope been 
before that engraven. 

This Vitrify d fubftance refembled Wood, in that 

Firft, all the parts of it leem’d not at all diflocated 3 or alter’d from 
their natural Pofition, whil’ft they were Wood, but the whole piece re¬ 
tain’d the exa& (hape of Wood, having many of the confpicuous pores 
of wood ftill remaining pores, and (hewing a manifeft difference vifible 
enough between the grain of the Wood and that of the bark, elpecially 
when any fide of it was cut fmoothand polite 5 for then it appear’d to 
have a very lovely grain, like that of fome curious clofe Wood. 

Next (it refembled Wood) in that all the fmaller and (if I may lb call 
thofe which are onely vifible with a good magnifying Glafs) Microfcopi - 
cal pores of it appear (both when the fubftance is cut and polilh’d tranf 
verjly and parallel to the pores of it) perfe&ly like the Microfcopical pores 
offeveral kinds of Wood, efpecially like and equal to thofe of feveral 
forts of rotten Wood which I have fince obferv’d, retaining both the 
fhape,pofition and magnitude of foch pores. It was differing from Wood : 

Firft, in weighty being to common water as to 1. whereas there are 
few of our Englijh Woods, that when very dry are found to be full a* 
heavie as water. 

Secondly, in hardnef 3 being very neer as hard as a Flint 5 and in fome 
places of it alfo refembling the grain of a Flint: and, like it, it would 
Very readily cut Glals, and would not without difficulty, elpecially in 
fome parts of it, be fcratch’d by a black hard Flint: It would alfo as rea¬ 
dily ftrike fire againft a Steel, or againft a Flint, as any common Flint. 

Thirdly, in the clofenefi of it, for though all the Microfcopical pores of 
this petrify d fubftance were very confpicuous in one pofition ,yet by al¬ 
tering that pofition of the poliftf d furface to the light, it was alfo mani- 
feft, that thofe pores appear’d darker then the reft of the body, onely 
becaufe they were fill’d up with a more dufkie fubftance, and not be- 
caufe they were hollow. 

Fourthly, in its incombujliblenef 3 in that it would not burn in the fire 5 
nay,though I kept it a good while red-hot in the flame of a Lamp, made 
very intenfe by the blaft of a fmall Pipe, and a large Charcoal, yet it 
teem’d not at all to have diminilh’d its extenfion ^ but only I found it to 
have chang’d its colour, and to appear of a more dark and dulkie brown 
colour 5 nor could I perceive that thofe parts which feem’d to have been 
Wood at firft, were any thing wafted, but the parts appear’d as folid and 
clofe as before. It was further obfervable alfo, that as it did not confome 
like Wood, fo neither did it crack and flie like a Flint, or fuch like hard 
Stone, nor was it long before it appear’d red-hot. 

Fifthly, in its diJjMlenefi $ for putting fome drops of diftill’d Vinegar 
upon the Stone, I found it presently to yield very many Bubbles, juft like 
thofe which may be obferv’d in fpirit of Vinegar when it corrodes corah , 
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though perhaps many of thofe fmall Bubbles might proceed from lome 
ftaall parcels of Air which were driven out of the pores of this petrify d 
fubftanee by the insinuating liquid menflruum. 

Sixthly, in its rigidness and friability , being not at jilt flexible but 
brittle like a Flint, infomuch that I could with one knock of aHammcS 
break off a piece of it, and with a few more, reduce that into a pretty 
fine powder. 

Seventhly, it Teem’d alfo very differing from Wood to the toufh^fieli 
more cold then Wood ufually does, and much like other clofo dopes 
and Minerals* 

The Reafons of all which Vhxnomna feem to be. 

That this petrify d Wood having lain in fome place where it Was well 
(bak’d with petrifying water (that is, fuch a water as is well impregnate^ 
with dony and earthy particles) did by degrees feparate,either by drain-* 
ing and filtration , or perhaps,by precipitation , cohefion or coagulation^ abun- 3 
dance of (tony particles from the permeating water, which dony par- 
ticles,being by means of the fluid vehicle convey d/iotonely into th, el/z- 
crofioptcal pores, and fo perfectly doping them up, but alfo into the pores 
or interfiitid^ which may. perhaps, be even in the texture or S'chematifme 
of that part of the Wood, which, through the Microfc^pe, appears mod fo- 
lid, do thereby fo augment the weight of the Wood, as to make it above 
three times heavier then water, and perhaps dx times as heavie as it was 
when Wood* 

Next, they thereby fo lock up and fetter the parts of the Wood, that 
the fire cannot eafily make tbemflieaway.but thea&fon of thefirjs upon 
them isonely able to Char thofe parts, as it were, like a piece of Wood,if 
it be clos’d very fad up in C]ay,and kept a good while red-hot in the fire, 
will by the heat of the fire be charr’d and not confom’d, which may, pei> 
haps, alfo be fomewhat of the caufe, why the petrify d fobdance appear’d 
of a dark brown colour after it had been burnt. 

By this intrusion of the petrifying particles, this fobdance alfo becomes 
hard and friable , for the fmaller pores of the Wood being perfectly 
wedg’d, and duft up with thofe dony particles, the final! parts of the 
Wood have no places or pores into which they may Aide upon bending, 
and confequently little or no flexion or yielding at all can be caus’d in 
fuch a fobdance. 

The remaining particles likewife of the Wood among the dony par¬ 
ticles, may keep them from cracking and flying when put into the fire, 
as they are very apt to do in a Flint. 

Nor is Wood the onely fobdance that may by this kind of tranfmutac¬ 
tion be chang’d into done 5 for I my felf have feen and examin’d very 
many kinds of fobdances, and among very credible Authours, we may 
meet with Hidories of fuch Metamorphofes wrought aimed on all kind 
of fobdances, both Vegetable and Animal, which Hidories, it is not my 
bufinels at prefent. either to relate, or epitomife , but only to let down 
fome Oblervation I lately made on feveral kind of petrify d Shels, found 
about Keinfham , which lies within four or five miles of Brifiol , which are 
commonly call’d Serpentine-fonesi ExamF* 
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Examining feveral ofthefe very curioufly figur’d bodies (which are 
commonly thought to be Stones form’d by fome extraordinary Plafiicli 
virtue latent in the Earth itfelf) I took notice of thefe particulars: 

Firft, that thefe figured bodies, or ftoncs, were of very differing fub- 
ftances, as to hardnefs: fome of Clay, fome Marie, fome foft Stone, al- 
moft of the hardnefs of thofe foft ftones which Mafons call Fire^ftone, 
others as hard as Portland (tone, others as hard as Marble, and fome as 
hard a a Flint or Cryftal. 

Next, they were of very differing fubffances as to tranfparency and 
colour 5 fome white, fome almoft black, fome brown, fome Metalline, or 
like Marchafites} fome tranfparent like white Marble, others like flaw’d 
Cryftal,fome gray, fome of divers colours 5 fome radiated like thefo long 
petrifyd drops , which are commonly found at the Peak, and in other 
fubterraneous caverns , which have a kind of pith in the middle. 

Thirdly, that they were very different as to the manner of their out¬ 
ward figuration 3 for fome of them feem’d to have been the fubftance 
that had fill’d the Shell of fome kind of Shel-fifh 5 others, to have been 
the fubftance that had contain’d or enwrapp’d one of thofe Shels,on both 
which,the perfeft impreflion either of the infide or outfide of fuch Shells 
feem’d to be left, but for the moft part, thofe impreflions feem’d to be 
made by an imperfedt or broken Shell, the great end or mouth of the 
Shell being always wanting, and oftentimes the little end, and fometimes 
hal£ and in fome there were impreflions, juft as if there had been holes 
broken in the figurating. imprinting or moulding Shell 3 fome of them 
feem’d to be made by fuch a Shell very much brufed or flaw’d, infcmuch 
that one would verily have thought that very figur’d ftone had been 
broken or brufed whilft a gelly, as ’twere, and fo hardned, but within 
in the grain of the ftone, there appear’d not the leaft fign of any fuch 
brufo or breaking, but onely on the very uttermoft fuperficies. 

Fourthly, they were very different,as to their outward covering, fome 
having theperfed Shell, both in figure, colour, and fubftance, fticking 
on upon its furface, and adhering to it, but might very eafily be fepa- 
rated from it, and like other common Cockle or Scolopfjels , which fome of 
them moft accurately refembled,were very difloluble in common Vinegar , 
others of them,efpecially thofe Serpentine, or HelicalJiones were cover'd 
or retained the fhining or Pearl-colour’d fubftance of the infide of a She!, 
which fubftance, on fome parts of them, was exceeding thin, and might 
very eafily be rubbed off3 on other parts it was pretty thick, and re¬ 
tained a white coat, or flaky fubftance on the top, juft like the outfides 
of fuch Shells 3 fome of them had very large pieces of the Shell very 
plainly fticking on to them, which were eafily to be broken or flaked off 
by degrees: they likewife, fome of them retain’d all along the furface of 
them very pretty kind of futures , fuch as are obferv’d in the fkulls of fe¬ 
veral kinds of living creatures, which futures were moft curioufly fhap’d 
in the manner of leaves, and every one of them in the fame Shell, exadly 
one like another, which I was able to difeover plainly enough with my 
naked eye, but more pcrfe&ly and diftin&ly with my Microfcope 3 all 
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thefc futures 7 by breaking Tome of thefe ftofles,! found to be the termini^ 
or boundings of certain diaphragms t ot partitlon^wkich feem’d to divide 
the cavity of the Shell into a multitude of very proportionate and regiH 
Jar cells or caverns^ thefe Diaphragms^ iti many ot them, I found very per•» 
fed andcomplcat, of a very diftinift fubftance from that Which fill’d the 
Cavities, and exadly of the fame kind with that Which coveted the but-* 
fide, being for the moft part whitiih. Or Mother-of-pearl colour* di 

As for the cavities between thofe Diaphragm^ I found foffie of theifi 
fill’d with Marie, and others withfeveral kinds df ftones, others, for the 
moft part hollow, onely the whole cavity was ufually covered over 
With a kind of tartareous petrify d fubftance, which ftuck about the fides* 
and was there (hot into very curious regular Figures* juft a$ Tartar, Or 
Other diflolv’d Salts are obfetv’d to flick and ctyflalliije about the fides of 
the containing Veflels$ or like thole little Di am ants which I before ob* 
lerved to have covered the vaulted cavity of a Flint} others had thefe 
cavities all lin’d with a kind of metalline or Mafchdfhe-Uhg fobftanoe* 
Which with a Microfcope I could as plainly lee moft cttrioully and regu* 
latly figured, as I had done thole in a Flint. 

From all which, and fevcral other particulars Which I obferv’d, I can¬ 
not but think, that all thefe, and moft other kinds of flony bodies which 
are found thus ftrangely figured,do owe their formation and figuration, 
not to any kind of Vlafick^ virtue inherent in the earth, but to the Shells 
of certain Shel-fifhes, which, either by fome Deluge, inundation, Edttlv* 
quake, or fomefuch other means, came to be thrOWn to that place, and 
there to be fill’d with fome kind of Mudd or Clay, Ot petrifying Water, 
or lome other fubftance, which in trad of time has been fettled toge¬ 
ther and hardned in thofe fhelly moulds into thofe fhaped fubftanees We 
now find them5 that the great and thin end of thefe Shells by that Earth 4 
quake, or what ever other extraordinay caufe it Was that brought them 
thither, was broken off, and that many othefs were otherwife broken* 
bruifed and disfigured 5 that thefe Shells which are thus fpirallted and fe 4 
parated with Diaphragntes, were fome kind of Nautili Or Forcelane jhells 5 
and that others were Ihells of Cockles,Mufcles ,P criwincles , Scolops ,Scc. of 
various forts , that thefe Shells in many, from the particular nature of the 
containing or enclos’d Earth, or fome other caufe, have in trad of time 
rotted and mouldred away, and onely left their impreftions, both on the 
containing and contained fubftanees 5 and lb left them pretty loofe one 
within another, fothat they may be eafily fepar&ted by a knock or two 
of a Hammer. 7 hat others of' thefe Shells, according to the nature 
of the fubftanees adjacent to them, have, by a long continuance in 
that pofture, been petrify 3 d and turn’d into the nature of ftone, juft as I 
even now obferv’d feveral forts of Wood to be. That oftentimes the Shell 
may be found with one kind of fubftance within, and quite another 
without, having, perhaps, been fill’d in one place, and afterwards tranfla- 
ted to another, which 1 have very frequently obferv’d in Cockle\ Mufcle, 
Veriwincle, and other (hells, which I have found by the Sea fide. Nay, 
further, that fome parts of the fame Shell may be fill’d in one place, and 
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fome other caverns in another, and others in a third,or a fourth, or a fifth 
place, for fo many differing fubft anees have I found in one of thefe pe- 
trifyd Shells,and perhaps all thefe differing from the encompafling earth 
or ftone $ the means how all which varieties may be caus’d, 1 think, will 
not be difficult to conceive, to any one that has taken notice of thole 
Shells, which are commonly found on the Sea Ihore : And he that (hall 
throughly examine feveral kinds of fuch curioufly form’d ftones,will ({ 
am very apt to think) find reafon to fuppofe their generation or forma¬ 
tion to be alcribable to fome fuch accidents as I have mention’d, and 
not to any Tlajlick^ virtue : For it feems to me quite contrary to the in¬ 
finite prudence of Nature, which is oblervable in all its works and pro¬ 
ductions, to defign every thing to a determinate end, and for the attain¬ 
ing of that end, makes ufe of fuch ways as are (as farr as the knowledge 
of man has yet been able to reach) altogether confonant, and moft 
agreeable to man’s reafon, and of no way or means that does contradict, 
or is contrary to humane Ratiocination, whence it has a long time been 
a general obfervation and maxi me ^ that Nature does nothing in vain 5 It 
feems, I fay, contraryjto that great Wifdom of Nature, that thefe prettily 
fhap’d bodies fhould have all thofe curious Figures and contrivances 
(which many of them are adorn’d and contriv’d with) generated or 
wrought by a Flafiick^ virtue , for no higher end [then onely to exhibite 
fuch a form •-> which he that {hall throughly confider all the circumftances 
of fuch kind of Figur’d bodies, will, I think, have great reafon to be¬ 
lieve, though, I confefs, one cannot prefently be able to find out what 
Nature’s defigns are. It were therefore very defirable, that a good col¬ 
lection of fitch kind of figur’d {tones were collected $ and as many par¬ 
ticulars, circumftances, and informations collected with them as could be 
obtained, that from fuch a Hiftory of Oblervations well rang’d, ex¬ 
amin’d and digefted, the true original or production of all thofe kinds 
of ftones might be perfectly and lurely known $ fuch as are Thunder- 
ftones , Lapides SteUares , Lapides Judaici^ and multitudes of other, where¬ 
of mention is made in Aldrovandus Wormius , and other Writers of 
Minerals. 


Obferv. XVII]. Of the Schematifme or Texture of Cork, and 
of the Cells and Pores of fome other fuch frothy Bodies . 

I Took a good clear piece of Cork, and with a Pen-knife fharpen’d as 
keen as a Razor, I cut a piece of it off, and thereby left thefurface of 
it exceeding fmooth, then examining it very diligently with a Micro - 
fiope , me thought I could perceive it to appear a little porous 5 but I 
could not fo plainly diftinguilh them, as to be fure that they were pores, 
much Ids what Figure they were of: But judging from the lightnefs and 
yielding quality of the Cork, that certainly the texture could not be lb 
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curious, but that poflibly, if I could ufe fome further diligence, I might 
find it to be difcernable with a Microfcope , I with the fame (harp Penf 
knife, cut off from the former fmooth furface an exceeding thin piece of 
it, and placing it on a black objed Plate, becaule it was it felf a white 
body, and calling the light on it with a deep plano-convex Glafs , I could 
exceeding plainly perceive it to be all perforated and porous,much like 
a Honey-comb,but that the pores of it were not regular 5 yet it was not 
unlike a Honey-comb in thefe particulars. 

Fird, in that it had a very little (olid lubdance, in comparifon of the 
empty cavity that was contain'd between, as does more manifedly appear 
by the Figure A and B of the XI. Scheme , for the Interjlitia , or walls 
(as I may fo call them) or partitions of thole pores were neer as thin itt 
proportion to their pores, as thole thin films ofWaxina Honey-comb 
(which enclofe and conllitute the fexangular cells) are to theirs. 

Next, in that thele pores, or cells, were not very deep, but confided 
of a great many little Boxes, feparated out of one continued long pore* 
by certain Diaphragms , as is vilible by the Figure B, which represents a 
fight of thofe pores fplit the long-ways. 

I no fooner dilcern’d thefe (which were indeed the fird microfcopzcal 
pores I ever faw, and perhaps,that were ever feen, for I had not met with 
any Writer or Perfon, that had made any mention of them before this) 
but me thought I had with the dilcovery of them, prefently hinted to me 
the true and intelligible reafon of all the Vh<enomena of Cork 5 As, 

Fird, if I enquir’d why it was fo exceeding light a body? my Micro - 
fcope could prefently inform me that here was the fame realbn evident that 
there is found for the lightnefs of froth, an empty Floney-comb, Wool j 
a Spunge, a Pumice-done, or the like j namely, a very fmall quantity of a 
lolid body, extended into exceeding large dimenfions. 

Next, it feem’d nothing more difficult to give an intelligible reafon^ 
why Cork is a bodyfo very unapt to fuck and drink in Watery and con¬ 
sequently preferves it felf, floating on the top of Water, though left on it 
never lo long : and why it is able to dop and hold air in a Bottle,though 
it be there very much condens’d and confequently prefles very drongly 
to get a paflage out, without differing the lead bubble to pafs through 
its fubdance. For, as to the fird, fince our Microscope informs us that the 
fubdance of Cork is altogether fill’d with Air, and that that Air isper- 
fe&ly enclofed indittle Boxes or Cells didind from one another. It feems 
very plain, why neither the Water, nor any other Air can ealily infinu* 
ate it (elf into them, fince there is already within them an intus experts, 
and confequently, why the pieces of Cork become fo good floats for 
Nets, and floppies for Viols, or other dole Veflels. 

And thirdly, if we enquire why Cork has fuch a fprlnginels and (wel¬ 
ling nature whem comprels’d ? and how it comes to fuffer lo great a com- 
preflion, or feeming penetration of dimenfions, fb as to be made a fub- 
dance as heavie again and more, bulk for bulk, as it was before compref 
fion, and yet differ’d to return, is found to extend it felf again into the 
fame fpace ? Our Microfcope will eafily inform us, that the whole mals 
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confifts of an infinite company of fmall Boxes or Bladders of Air, which 
is a fubftance of a fpringy nature, and that will fiiffer a confiderable con- 
denlation (as I have feveral times found by divers trials, by which I have 
moft evidently condens’d it into lefs then a twentieth part of its ufual di- 
menfions neer the Earth, and that with no other ftrength then that of my 
hands without any kind of forcing Engine,luch as Racks,Leavers, Wheels, 
Pullies, or the like, but this onely by and by) and befides, it feems very 
probable that thole very films or fides of the pores,have in them a Ipring- 
ing quality, as almofi: all other kind of Vegetable fubftances have, lo as 
to help to reftore themfelves to their former pofition. 

And could we fo eafily and certainly difcovcr the Schematifme and 
Texture even of thefe films,and of leveral other bodies,as we can thele of 
Cork‘5 there leems no probable realbn to the contrary, but that we might 
as readily render the true realbn of all their ?h£tiomena } as namely,what 
Were the caufe of the Ipringincls, andtoughnels of fome, both as to their 
flexibility and reftitution. What, of the friability or brittlenefs of fome 
others, and the like } but till fuch time as our Mcrofiope , or lorne other 
means,enable us to dilcover the true Schematifm and Texture of all kinds 
of bodies, we muft grope, as it were, in the dark, and onely ghels at the 
true realbns of things by fimilitudes and comparifons. 

But, to return to our Oblervation. I told feveral lines of thele 
pores, and found that there were ufually about threefcore of thefe fmall 
Cells placed end-ways in the eighteenth part of an Inch in length,whence 
I concluded there mull: be neer eleven hundred of them, or fomewhat 
more then a thouland in the length of an Inch, and therefore in a fquare 
Inch above a Million, or n66400.and in a Cubick Inch,above twelve 
hundred Millions,or 1259712000. a thing almoft incredible, did notour 
Microfeope allure us of it by ocular demonftration, nay, did it not difeo- 
ver to us the pores of a body, which were they diaphragm d^ like thole of 
Cork, would afford us in one Cubick Inch, more then ten times as many 
little Cells, as is evident in leveral charr’d Vegetables} fo prodigioully 
curious are the works of Nature, that even thefe confpicuous pores of 
bodies, which leem to be the channelsor pipes through which the Succus 
nntritius , or natural juices of Vegetables are convey’d, and leem to cor* 
refpond to the veins, arteries and other Veflels in fenfible creatures, that 
thele pores I lay, which feem to be the Veflels of nutrition to the vafteft 
body in the World, are yet lb exceeding fmall, that the Atoms which Epi* 
turns fancy’d would go neer to prove too bigg to enter them, much more 
to conftitute a fluid body in them. And how infinitely fmaller then mull be 
the Veflels of a Mite, or the pores of one of thole little Vegetables I have 
dilcovered to grow on the back-fide of a Role-leaf and lhall anon more 
fully delcribe, whofe bulk is many millions of times lefs then the bulk of 
the Imall Ihrub it grows on} and even that fhrub, many millions of times 
lefs in bulk then leveral trees (that have heretofore grown in England^ 
and are this day flourilhing in other hotter Climates, as we are very cre¬ 
dibly inform’d) if at leafl the pores of this fmall Vegetable Ihould keep 
any fuch proportion to the body of it, as we have found thele pores 
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of other Vegetables to do to their bulk. But of tiiefe pores 1 have laid 
more elfewhere. . ; ;j,.i 

To proceed then, Gorkfeems to be by the tranfverfe conftitution of 
the pores, a kind o {Fungus or Mufhrbmc, for the pores lie like fo many 
Rays tending from the center, or pith of the tree, outwards^' fd that if 
you cut oft a piece from a board of Cork tranfverfty, to the flat of itj 
you will, as it were, fplit the pores, and they will appear juft as they are 
exprefsd in the Figure B of the XI. Scheme. But if you fhave off a 
very thin piece from this board, parallel to the plain of it, you will cut 
all the pores tranfverfly, and they will appear almoft as they are exprefs’d 
in the Figure A, fave onely the folid lnterftitia will not appear fo thick 
as they are therereprefented. . 

So that Cork feems to fuck its nourifhment froni the fubjacent bark of 
the Tree immediately, and to be a kind of excrefcence, or a fubftance 
diftinCt from the fubftances of the entire Tree, fomething analogus to 
the Muftirome^ or Mofs on other T rees, or to the hairs on Animals. And 
having enquir’d into the Hiftory of Cork, I find it reckoned' as an 
excrefcency of the bark of a certain Tree, which is diftinCt from the two 
barks that lie within it, which are common alfo to other trees3 That tis 
fome time before the Cork that covers the young and tender fprouts 
comes to be difcernable$ 7 hat it cracks,flaws,and cleaves into many great 
chaps, the bark underneath remaining entire 3 That it may be feparated 
and remov d from the Tree, and yet the two under-barks (fuch as are 
alfo common to that with ether Trees) not at all injur’d, but rather 
helped and freed from an external injury. Thus Jonftonus in Dendrologia, 
fpeaking de Snbere , fays. Arbor eft proceru , Lignum eft robuftum , dempto 
cortice in aquis non ftuitat , Cortice in orbem detratto juvatur , crafcefcens 
enimpraftringit & ftrangulat 0 infra triennium iterum repletur : Caudex ubi 
adolefcit crajjus , cortex fuperior denfus carnojusftuos digit os crajjus^fcaber^ 
rimofus , & qui nift detrahatur dehijcit , alioque fitbnafeente txpellitur\ inte - 
rior qui Jnbeft novellus it a rubet ut arbor minio piffa videatur. Which 
Hiftories,if well confider’d, and the tree, fubftance, and manner of grow¬ 
ing, if well examin’d, would, I am very apt to believe,much confirm this 
my conjecture about the origination of Cork. 

Nor is this kind of 7 exture peculiar to Cork onely 5 for upon exami-* 
nation with my Microfcope , I have found that the pith of an Elder, or al¬ 
moft: any other Tree, the inner pulp or pith of the Cany hollow ftalks of 
feveral other Vegetables: as of Fennel, Carret^, Daucus^ Bur-docks, 
Teafels, Fearn, fome kinds of Reeds, &c. have much fuch a kind of 
Schematifme , as I have lately fhewn that of Cork, fave onely that here 
the pores are rang’d the long-ways, or the fame ways with the length of 
the Cane,whereas in Cork they are tranfverfe. 

The pith alfo that fills that part of theftalk of a Feather that is above 
the Quil, has much fuch a kind of texture, fave onely that which way fo- 
ever I fet this light fubftance, the pores feem’d to be cut tranfverfly 3 fo 
that I ghefs this pith which fills the Feather, not to confift: of abundance 
of long pores feparated with Diaphragms, as Cork does, but to be a kind 
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of fblid or hardned froth,or a congeries of very (mall bubbles confolidated 
in that form,into a pretty ftifFas well as tough concrete,and that each Ca¬ 
vern, Bubble, or Cell, is diftin&ly leparate from any of the reft, without 
any kind of hole in the encompafting films, fo that I could no more blow 
through a piece of this kinde of fubftance,then I could through a piece of 
Cork, or the found pith of an Elder. 

But though I could not with my Microjcope, nor with my breath, nor 
any other way I have yet try’d, dilcover a paflage out of one of thole 
cavities into another, yet I cannot thence conclude, that therefore there 
are none fuch, by which the Snccus nutritivs'ox appropriate juices of Ve¬ 
getables, may pafs through them, for, in feveral of thofe Vegetables, 
whil’ft green, I have with my Microjcope , plainly enough difcover’d thefe 
Cells or Poles fill'd with juices, and by degrees fweating them out: as I 
have alio oblerved in green Wood all thofe long Microjcopical pores 
which appear in Charcoal perfedtly empty of any thing but Air. 

Now, though I have with great diligence endeavoured to find whe¬ 
ther there be any fuch thing in thofe Microjcopical pores of Wood or 
Piths, as the Valves in the heart,veins,and other paffages of Animals,that 
open J and give paflage to the contain'd fluid juices one way, and (hut 
themlelves,and impede the paflage of fuch liquors back again,yet have I 
not hitherto been able to lay any thing politive in it 3 though,me thinks, 
it leems very probable,that Nature has in thele paflages,as well as in thole 
of Animal bodies,very many appropriated Inftruments and contrivances, 
whereby to bring her deligns and end to pals,which 'tis not improbable, 
but that lome diligent Obferver, if help'd with better Microfcopes. may 
in time detedh 

And that this may be lo, leems with great probability to be argued 
from the ftrange Thanomena of fenfitive Plants, wherein Nature leems 
to perform feveral Animal adtions with the fame Schematijin or Organiza¬ 
tion that is common to all Vegetables, as may appear by fome no lels 
inftru&ive then curious Obfervations that were made by divers Emi¬ 
nent Members of the Royal Society on lome of thele kind of Plants, where¬ 
of an account was delivered in to them by the moft Ingenious and Excel¬ 
lent rhyfician , Dodtor Clark^ , which, having that liberty granted me by 
that moft Illuftrious Society, I have hereunto adjoyn'd. 

Obfervations on the Humble and Senfible Plants in M r Chiffin s 
Garden in Saint James's Park 0 made Auguft the 9 th * 1661. 
Prefent , the Lord Brouncker^ Sr. Robert Moray , Dr. Wilkins, 
Mr. Evelin , Dr. Henjhaw, and Dr. Clark• 

There are four Plants, two of which are little fhrub Plants, 
with a little fhort flock, about an Inch above the ground, from 
whence are fpread feveral fticky branches, round, ftreight, and 
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fmooth in the diftances between the Sprouts, but juft under the 
Sprouts there are two fiharp thorny prickles, broad in the let¬ 
ting on, as in the Bramble, one juft under the Sprout, the other 
on the oppofite fide of the branch . 

. The diftances betwixt the Sprouts 
more then an Inch, and many upon a Branch, according to its *'&■*’• 
length, and they grew fo, that if the lower Sprout be on the left: 
fide of the Branch, the next above is on the right, and fo to die 
end, not fprouting by pairs. . 

At the end of each Sprout are generally four fprigs, two at 
the Extremity, and one on each fide, juft under it. At the firft 
fprouting of thefe from the Branch to the Sprig where the leaves 
grow, they are full of little fihort white hairs, which wear off as 
the leaves grow, and then they are fmooth as the Branch. 

Upon each of thefe fprigs, are, for the moft part, eleven pair 
of leaves, neatly fet into the uppermoft part of the little fprig, 
exaftly one againft another, as it were in little articulations , fuch 
as Anatomifts call Enarthrofis , where the round head of a Bone 
is received into another fitted for its motion; and ftanding very 
fitly to fihut themfelves and touch, the pairs juft above them 
clofing fomewhat upon them, as in the fihut (prig; fo is the 
little round Pedunculus of this leaf fitted into a little cavity of 
the fprig, vifible to the eye in a fprig new pluck’d, or in a fprig 
withered on the Branch, from which the leaves eafily fall by 
touching# 

The leaf being almoft an oblong fquare, and fet into the Pe- 
dunculus^zt one of the lower corners, receiveth from that not 
onely a Spine , as I may call it, which, pafling through the leaf^ 
divides it fo length-ways that the outer-fide is broader then the 
inner next the fprig, but little fibres pafling obliquely towards 
the oppofite broader fide, feem tomake it here a little mufcular, 
and fitted to move the whole leaf, which, togedier with the 
whole fprig, are fet full with little Chert whitifti hairs. 

One 


Ztii 


are ufually fomething 


Sefe 

C rlem i 


Il8 MlCROGRAPHl Ai 

One of thefe Plants, whofe branch feem’d to be older and 
more grown then the other, onely the tender Sprouts of it, after 
the leaves are Chut, fall and hang down; of the other, the whole 
branches fall to the ground, if the Sun fhine very warm,upon the 
firft taking offthe Glafs, which I therefore call the bumble Plant . 

The other two, which do never fall, nor do any of their 
branches flagg and hang down, fhut not their leaves, but upon 
fomewhat a hard ftroke ; the ftalks feem to grow up from a root, 
and appear more herbaceous, they are round and fmooth, without 
any prickle, the Sprouts from them have fevcral pairs of fprigs, 
with much lefs leaves then the other on them, and have on 
each fprig generally feventeen pair. 

Upon touching any of the fprigs with leaves on, all the leaves 
on that fprig contracting themfelves by pairs, joyned their up¬ 
per. fuperficies clofe together. 

Upon the dropping a drop of Aqua forth on the fprig be¬ 
twixt the leaves, f f all the leaves above fhut prefently, thofc 
below by pairs fucceffively after, and by the lower leaves of the 
other branches, //, 4A, &c. and lb every pair fucceffively, 
with fome little diftance of time betwixt,to the top of each fprig, 
and fo they continu’d fhut all the time we were there. But I re¬ 
turning the next day, and feveral days fince,found all the leaves 
dilated again on two of the fprigs; but from ff where the Aqua 
forth had dropped upwards, dead and withered; but thofe be¬ 
low on the fame fprig, green, and clofing upon the touch, and 
are fo at this day, Auguji 14. 

With a pair of Sciflers, as fuddenly as it could be done, one 
of the leaves b b was clipped off in the middle,upon which that 
pair, and the pair above, clofed prefently, after a little interval, 
d d, then e e, and fo the reft of the pairs, to the bottom of the 
fprig, and then the motion began in the lower pairs, / /, on the 
other fprigs, and fo fhut them by pairs upwards,' though not 
with fuch diftinft diftances. 


Under 
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Under a pretty large branch with its fprigs on, there lying 
a large Shell betwixt two and three Inches below it, there was 
rubbed on a ftrong fented oyl, after a little time all the leaves on 
that fprig were fhut, and fo they continued all the time of our 
ftay there,but at my returne the next day, I found the pofi tiori 
of the Shell alter’d, and the leaves expanded as before, and 
clofing upon the touch. 

Upon the application of the Sun-beams by a Burning-glafs^ 
the more humble Plant fell, the other fhut their leaves. 

We could not fo apply thefmoak of Sulpher^ as to have any 

vifible effeft from that, at two or three times trial: but on ano- 

* : m \ * 

fher trial,the fmoak touching the leaves,if fucceeded. * 

The humble Plant fell upon taking off the Glafs wherewith it 
was covered. 

i 

Cutting off one of the little Sprouts, two or three drops of li¬ 
quor were thruft out of the part from whence that was cut,very 
deer, and pellucid, of a bright greenifh colour, tailing at firft i 
little bitterifh,but after leaving a licorifh-like tafle in my mouth; 

Since,going two or three times when it was cold, I took the 
° Glafles from the more humble Plantfind it did not fall as former- 
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ly, but fhut its leaves onely. But coming afterwards, when the 
Sun fhone very warm, as foori as it was taken off, it fell as 
before. 

Since 1 pluck’d off another fprig, whofe leaves were all fhut,; 
and had been fo feme time, thinking to obferve the liquor 
fhould coine from that I had broken off, but finding none, 
though withpreflring,tocome,I,as dexteroufly as I could, pull’d 
off one whofe leaves were expanded, and then had uponthe (hur¬ 
ting of the leaves, a little of the mention’d liquor, from the end 
of the fprig 1 had broken from the Plant. And this twice fuc- 
ceffively, as often almoft as I durfi rob the Plant. ‘ j 
But my curiofity carrying me yet further, 1 cut off one of 
the harder branches *of the ftronger Plant, and there came of the 
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liquor, both from that I had cut, and that I had cut it from, 
without preffure. 

Which made me think, that the motion of this Plant upon 
touching, might be from this, that there being a conftant 
courfe betwixt every part of this Plant and its root,either by a cir¬ 
culation ofthis liquor,or a conftant prefling of the fubtiler parts 
of it to every extremity of the Plant. Upon every preflure,from 
whatfbever it proceeds, greater then that which keeps it up, the 
fubtile parts of this liquor are thruft downwards, towards its ar~ 
ticulations of the leaves, where, not having room prefently to get 
into the fprig,the little round pedunculus , from whence the Spine 
and thofe oblique Fibres I mention’d rife, being dilated, the 
Spine and Fibres (being continued from it) muft be conrrafted 
and fhortned, and fo draw the leaf upwards to joyn with its fel¬ 
low in the fame condition with it fclf, where, being clofed,thcy 
are held together by the implications of the little whitifh hair, as 
well as by the ftill retreating liquor, which diftending the Fibres 
that are continued lower to the branch and root, fhorten them 
above; and when the liquor is fo much forced from the Sprout, 
whole Fibres are yet tender, and not able to fupport themfelves, • 
but by that tenfnefs which the liquor filling their interjlices gives 
them, the Sprout hangs and flags. 

But, perhaps, he that had the ability and leifure to give you 
the exaft Anatomy of this pretty Plant, to fhew you its Fibres , 
and vifible Canales, through which this fine liquor circulated!, 
or is moved, and had the faculty of better and more copioufly 
cxprefling his Obfervations and conceptions, fuch a one would 
eafily from the motion of this liquor, £blve all the Phenomena, 
and would not fear to affirm, that it is no obfcure fenfation this 
Plant hath. But I havefaid too much, I humbly fubmit, and am 
ready to ftand corrcfted. 

*Y\ ^ 7 ^ f ' v ^ 4 ^ p * r -r * *4 Cf 

I have not yet made fo full and fatisfa&ory Obfervations as I defire on 
this Plant, which feems to be a Subjeft that will afford abundance of 
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information. Exit as farr as I have had opportunity to examine it,I have 
difcovered with my Microfcope very curious ftru&ures and contrivances 5 
but defigning much more accurate examinations and trials,both with my 
Microfcope , and otherwife, as foon as the feafon will permit, I (ball not tiil 
then add any thing of what I have already taken notice of, but as farr as 
I have yet obferv’d,I judge the motion of it to proceed from caufes very 
differing from thofe by which Gut-ftrings,or Lute-ft rings,the beard of a 
wilde Oat, or the beard of the Seeds ol Geranium , Mofcatum , or Mnsk^ 
graft and other of kinds of Cranes-bill^Tnovc themfelves. Of which I (hall 
add more in the (ubfequent Obfervations on thofe bodies. 


Obferv. XIX. Of a Plant growing in the blighted or yellow ffecks 
of Damask-rofe-leaves, Bramble-leaves, and fome other kind 
of leaves . 

T Have for feveral years together, in the Moiieths of June, July, Auguft^ 
and September (when any of the green leaves ofRoJes begin to dry and 
grow yellow) obferv d many of them, efpecially the leaves of the old 
fhrubs of DamaskcRofeS) all befpecked with yellow (fains, and the under- 
fides juff againft them, to have little yellow hillocks of a gummous fub- 
ffance, and (everal of them to have fmall black {pots in the mid(t of thofe 
yellow ones, which, to the naked eye, appear'd no bigger then the point 
of a Pin, or the final left black fpot or tittle of Ink one is able to make 
with a very (harp pointed Pen. 

Examining thefe with a Microfcope 0 1 was able plainly to diftinguiih,up 
and down the furface, feveral fmall yellow knobs, ofakind of yellowilh 
red gummy (ubftance, out of which I perceiv’d there fprung multitudes 
of little cafes or black bodies like Seed-cods, and thofe of them that 
were quite without the hillock of Gumm, difclos’d themfelves to grow 
out of it with a fmall Straw-colour’d and tranfparent (fern, the which 
feed and ftem appear’d very like thofe of common Mofs (which I elfe- 
where deferibe) but that they were abundantly le(s, many hundreds of 
them being not able to equalize one (ingle feed Cod of Mofe. 

I have often doubted whether they were the feed Gods of (bme little 
Plant, or feme kind of fmall Buds, or the Eggs of fome very fmall Infedf, 
they appear’d of a dark brOwnifh red, fome almoft quite black, and of at 
Figure much refembling the feed-cod of Mo(s, but their (talks on which 
they grew were of a very fine tranfparent fubftance, almoft like the ftalk 
of mould, but that they feem’d fomewhat more yellow. 

That which makes me to fuppofe them to be Vegetables, is fot that I 
perceiv’d many of thofe hillocks bare or deftitute, as if thofe bodies lay 
yet conceal’d,as G. In others of them,they were juft (pringing out of their 
gumtny hillocks, which all feem’d to fhoot diredly outwards, as at A. In 
others, as at B, I found them juft gotten out,with very little or no ftalk, 
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and the Cods of an indifferent cize^but in others,as C, I found them begin 
to have little fhort (talks, or (terns} in others, as D, thofe Items were 
grown bigger, and larger $ and in others, as at E, F, H, I, K, L, &c. thofe 
(terns and Cods were grown a great deal bigger, and the (talks were 
more bulky about the root, and very much taper’d towards the top, as 
at F and L is molt vifible. 

I did not find that any of them had any feed in them, or that any of 
them were hollow, but as they grew bigger and bigger, I found thofe 
heads or Cods begin to turn their tops towards their roots, in the fame 
manner as I had obferv'd that of Mofs to do^ fo that in all likelihood. 
Nature did intend in that podure, what (he does in the like feed-cods of 
greater bulk, that is, that the feed., when ripe, (hould be (haken out and 
difperfed at the end of it, as we find in Columbine Cods, and the like. 

The whole Oval OOOO in the fecond Figure of the 12. Scheme 
teprefents a fmall part of a Rofe leaf, about the bignefs of the little Oval 
in the hillock, C, marked with the Figure X. in which I have not par¬ 
ticularly obferv’d all the other forms of the furface of the Rofe-leaf, as 
being little to my prefent purpofe. 

Now, if thefe Cods have a feed in them fo proportion’d to the Cod, as 
thofe of Vinks 3 and Carnations , and Columbines , and the like, how unima¬ 
ginably fmall mud: each of thofe feeds neceilarily be, for the whole 
length of one of the larged of thofe Cods was not ^ part of an Inch , 
fomc not above ,-^5, and therefore certainly, very many thoufand of 
them would be unable to make a bulk that (hould be vifible to the naked 
eye , and if each of thefe contain the Rudiments of a young Plant of the 
fame kind, what muff we fay of the pores and condituent parts of that } 

The generation of this Plant feems in part,afcribable to a kind of Mil¬ 
dew or B light ^whereby the parts of the leaves grow fcabby 3 or putrify’d, 
as it were, (b as that the moidure breaks out in little fcabs or fpots, which, 
as I laid before, look like little knobs of a red gummous fubdance. 

From this putrify’d fcabb breaks out this little Vegetable 5 which may 
be lomewhat like a Mould or Mofi^ and may have its equivocal genera¬ 
tion much after the feme manner as I have fuppofed Mofs or Mould to 
have, and to be a more fimple and uncompoundcd kind of vegetation, 
which is fet a moving by the pitrifaUive and fermentative heat, joyn’d 
with that of the ambient aerial, when (by the putrifadion and decay of 
fome other parts of the vegetable, that for a while daid its progrds) it is 
unfetter’d and left at liberty to move in its former courfe, but by reafon 
of its regulators , moves and ads after quite another manner then it did 
when a coagent in the more compounded machine of the more perfed 
Vegetable. 

And from this very feme Principle, I imagine the Mijleto of Oaks. 
Thorns, Appletrees, and other Trees, to have its original: It feldom or 
never growing on any of thofe Trees,till they begin to wax decrepid,and 
decay with age, and are peder’d with many other infirmities. 

Hither al(b may be referr’d thofe multitudes and varieties of Mujlyroms , 
(uch as thatjcalla Jen>s-eart 3 all forts of gray an d green Mofles, &c. which 
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infeft all kind of Trees,fhrubs,and the like,efpecially when they come to 
any bignefs. And this we fee to be very much the method of Nature 
throughout its operations, putrifaCtive Vegetables ye ry often producing a 
Vegetable of a much lefs compounded nature, and of a much inferiour 
tribe 5 and putrefactive animal fubftances degenerating into fome kind of 
animal production of a much inferiour rank,and of a more fimple nature* 

Thus we find the humours and fubftances of the body,upon putrifafii- 
on 0 to produce firange kinds of moving Vermine: the putrifa&ion of the 
flimes and juices of the Stomack and Guts, produce Worms almoft like 
Earth-worms,the Wheals in childrens hands produce a little Worm,caH’d 
a IVheal-voorm: The bloud and milk, and other humours, produce other 
kinds of Worms, atJeaft, if we may believe what is deliver’d to us by 
very famous Authors 5 though, I confefs, I have not yet been able to dip 
cover fuch my felf. 

And whereas it may feem firange that Vinegar^ Med , mufty Casks , Sec* 
are obferv’d to breed their differing kinds of Infefts, or living creatures, 
whereas they being Vegetable fubftances, feem to be of an inferiour kind, 
and fo unable to produce a creature more noble, or of a more com* 
pounded nature then they themfelves are of, and fo without fome con¬ 
current feminal principle, may be thought utterly unfit for fuch an ope¬ 
ration ^ I muft add, that we cannot prefently pofitively fay, there are 
no animal fubftances, either mediately, as by the foil orfatningof the 
Plant from whence they fprung,ormoreimmcdiately,by thereal mixture 
or compofition of fuch fubftances, join’d with them 3 or perchance fome 
kind of Infeft, in fuch places where fuch kind of putrifying ov ferment¬ 
ing bodies are, may, by a certain inftinft of nature, ejeft fome fort of fe¬ 
minal principle, which cooperating with various kinds of putrifying fub¬ 
ftances, may produce various kinds of Infefts.or Animate bodies: For we 
find in mod forts of thofe lower degrees of Animate bodies, that the 
putrifying fubfiances on which thefe Eggs, Seeds, or feminal principles 
are caff by the Infeft, become, as it were, the Matrices or Wombs that 
conduce very much to their generation, and may perchance alfbto their 
variation and alteration, much after the fame manner, as, by firange and 
unnatural copulations, feveral new kinds of Animals are produc’d, as 
Mules , and the like, which are ufually call d Monftrous, becaufe a little 
unufual, though many of them have all their principal parts as perfeftly 
(hap’d and adapted for their peculiar ufes, as any of the moft perfeft 
Animals. If therefore the putrifying body,on which any kind of feminal 
or vital principle chances to be caft. become fomewhat more then meer- 
ly a nurfing and foftering helper in the generation and produftion of 
any kind of Animate body, the more neer it approaches the true nature 
of a Womb, the more power will it have on the by-blow it indofes. But 
of this fomewhat more in the defeription of the Water-gnat, Perhaps 
fome more accurate Enquiries and Obfervations about thefe matters 
might bring the Queftion to fome certainty, which would be of no fmall 
concern in Natural Philofophy. 

But that putrifying animal fubftances may produce animals of an inferior 

S 2 kind. 



Micrograph i a. 

kind, I fee not any fo very great a difficulty, but that one may, without 
much abfurdity,admit: For as there may be multitudes of contrivances 
that go to the making up of one compleat Animate body 5 fo,That fome 
of thote coadjutorsjnthe perfect exiftence and life of it, may be vitiated, 
and the life of the whole deftroyed, and yet feveral of the confrituting 
contrivances remain intire,I cannot think it beyond imagination or poflibi- 
lity3 no more then that a like accidental procefs,as I have elfwhere hinted, 
may alfo be fuppofed to explicate the method of Nature in the Met amor¬ 
phous of Plants. And though the difference between a Plant and an Ani¬ 
mal be very great, yet I have not hitherto met with any fo cogent an Ar¬ 
gument, as to make me pofitive in affirming thefe two to be altogether 
Heterogeneous ,and of quite differing kinds of Nature: And befides.as there 
are many Zoophyts , and fenfitive Plants(divers of which I have feen,which 
are of a middle nature,and feem to be Natures tranfition from one degree 
to another, which may be obferv'd in all her other paflages, wherein fhe 
js very feldom obferv’d to leap from one ftep to another) fo have we,in 
fome Authors, Inftances of Plants turning into Animals, and Animals into 
Plants, and the like 3 and fome other very ftrange (becaufe unheeded) 
proceedings of Nature 3 fomething of which kind may be met with, in 
the defeription of the Water-Gnat , though it be net altogether fo diredfc 
to the prefent purpofe. 

But to refer this Difcourfe of Animals to their proper places, I fhall 
add, that though one fhould fuppofe, or it fhould be prov'dby Obferva- 
tions, that feveral of thefe kinds of Plants are accidentally produc'd by a 
eafiial putrifa&ion , I fee not any great reafon to queftion, but that, not- 
withftanding its own produ&ion was as 'twere cafual, yet it may germi¬ 
nate and produce feed, and by it propagate its own, that is,a new Species. 
For we do not know, but that the Omnipotent and All-wife Creator 
might as direttly defign the ftrufture of fuch a Vegetable, or fuch an 
Animal to be produc'd out of fuch or fuch a putrifattion or change of 
this or that body, towards the conftitution or ftru&ure of which, he 
knew it neceflary, or thought it fit to make it an ingredient 3 as that the 
digeftion or moderate heating of an Egg, either by the Female, or the 
Sun, or the heat of the Fire, or the like, fhould produce this or that Bird 3 
or that Putrifaffive and warm fleams fhould,out of the blowings,as they 
call them, that is, the Eggs of a Flie,produce a living Magot, and that,by 
degrees, be turn'd into an Aurelia , and that, by a longer and a propor¬ 
tion’d heat, be tranfmuted into a Fly. Nor need we therefore to fuppofe 
it the moreimperfeft in its kind, then the more compounded Vegetable 
or Animal of which it is a part 3 for he might as compleatly furnifh it 
with all kinds of contrivances neceflary for its own exiftence, and the 
propagation of its own Species, and yet make it a part of a more com¬ 
pounded body: as a Clock-maker might make a Set of Chimes to be a 
part of a Clock, and yet, when the watch part or ftriking part are taken 
away, and the hindrances of its motion remov’d, this chiming part 
may go as accurately, and ftrike its tune as exadly, as if it were ftill a 
part of the compounded Automaton . So, though the original caufe, or 
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feminal principle from which this minute Plant on Rofe leaves did fpring^ 
were, before the corruption caus'd by the Mill-dew, a component part 
of the leaf on which it grew, and did ferve as a coagent in the producti¬ 
on and conftitution of it, yet might it befb confummate.as to produce a 
feed which might have a power of propagating the fame fpeciesrthe works 
of the Creator feeming of fuchan excellency,that though they are unable 
to hel p to the perfe&ing ofthe more compounded exiftence of the greater 
Plant or Animal,they may have notwithftanding an ability ofaCfing fingly 
upon their own internal principle, fo as to produce a Vegetable body, 
though of a iefs compounded nature, and to proceed fo fai r in the me¬ 
thod of other Vegetables, as to bear flowers and feeds, which maybe ca- 
pabale of propagating the like. So that the little cafes which appear to 
grow on the top of the llender ftalks, may, for ought I know, though I 
fhould fuppofe them to fpring from the perverting of the ufual courfe of 
the parent Vegetable, contain a feed, which, being fcatter d on other 
leaves of the fame Plant, may produce a Plant of much the fame kind. 

Nor are Damafk-Rofe leaves the onely leaves that produce thefe 
kinds of Vegetable fproutings^ for I have obferv’d themalfoin feverai 
other kinds of Rofe leaves, and on the leaves of feverai forts of Briers, 
and on Bramble leaves they are oftentimes to be found in very great 
duffers, fo that I have found in oneclufter,three,four, or five hundred of 
them, making a very confpicuous black fpot or fcab on the back fide of 
the leaf. 


Obferv. X X. Of blue Mould, and of the firfl Principles of Ve¬ 
getation ctrifwg from Putrefaftion. 

T He Blue and White and feverai kinds of hairy riiouldy fpot* , which 
ate obfervable upon divers kinds of putrifyd bodies, whether Ani¬ 
mal fubffances,or Vegetable,fuch as the fkin, raw or drefs'd, flefh,bloud, 
humours, milk, green Cheefe, &c. or rotten fappy Wood, or Herbs, 
Leaves, Barks, Roots, &c. of Plants, are all of them nothing elfe but fe¬ 
verai kinds of fmall and varioufly figur'd Mufhroms, which, from conve¬ 
nient materials in thole pntrifying bodies, are, by the concurrent heat of 
the Air, excited to a certain kind of vegetation, which will not be un¬ 
worthy our more ferious fpeculation and examination, as I (hall by and 
by fhew. But, firft, I muft premife a fhort defeription of this Specimen 9 
which I have added of this Tribe, in the firft Figure of the XII. Scheme , 
which is nothing elfe but the appearance of a (mail White fpot of hairy 
mould,multitudes of which I found to befpeck & whiten over the red co¬ 
vers of a fmall book,which, it leems, were ofSheeps-fkin,that being more 
apt to gather mould, even in a dry and clean room, then other leathers. 
Thefe fpots appear d,through a good Alterofcopeyo be a very pretty fhap’d 
Vegetative body, which, from almoft the fame part of the Leather, fhot 

> out 





Micrographia. 

out multitudes of fmall long cylindrical and trar.fparent fta!ks,not exact¬ 
ly ftreight,but a little bended with the weight of a round and white knob 
that grew on the top of each of them ^ many of thefe knobs I obferv’d 
to be very round, and of a fmooth furface, fuch as A A, &c. others 
fmooth likewife,but a little oblong 3 as B, feveral of them a little broken, 
or cloven with chops at the top, as C ^ others flitter’d as ’twere, or flown 
all to pieces, as D D. The whole fubftance of thefe pretty bodies was 
of a very tender conftitution, much like the fubftance of the fofter kind 
of common white Mufliroms, for by touching them with a Pin, I found 
them to be brufed and torn $ they feem’d each of them to have a di- 
ftinft root of their own , for though they grew neer together in a clufter, 
yet I could perceive each ftem to rife out of a diftinft part or pore of the 
Leather , fome of thefe were (mall and (hort, as feeming to have been but 
newly fprung up, of thefe the balls were for the moil: part round, others 
were bigger,and taller,as being perhaps of a longer growth,and of thefe, 
for the moil: part, the heads were broken, and feme much wafted, as E 5 
what thefe heads contain’d I could not perceive, whether they were 
knobs and flowers, or feed cafes, I am not able to lay, but they feem’d 
moft likely to be of the fame nature with thofe that grow onMulhroms, 
which they did,fome of them, not a little refemble. 

Both their imell and tafte, which are a&ive enough to make a fenfible 
impreflion upon thofe organs, are unpleaiant and noifome. 

I could not find that they would ib quickly be deftroy’d by the a&ual 
flame of a Candle, as at firft fight of them I conceived they would be,but 
they remain’d intire after I had paft that part of the Leather on which 
they ftuck three or four times through the flame of a Candle, fo that, it 
feems they are not very apt to take fire, no more then the common v/hite 
Mufhroms are when they are fappy. 

There are a multitude of other fhapes, of which thefe Microfcopical 
Muftiroms are figur’d, which would have been a long Work to have de- 
feribcd,and would not have foited fo well with my deiign in this Treatife, 
onely,amongft the reft, I muft not forget to take notice of one that was a 
little like to, or refembled, a Spunge, confiding of a multitude of little 
Ramifications almoft as that body does, which indeed feems to be a kind 
of Water-Mufhrom, of a very pretty texture, as I elfe-where manifeft. 
And a fecond, which I muft not omit, becaufe often mingled, and neer 
adjoining to thefe I have deferib’d,and this appear’d much like a Thicket 
of bufties, or brambles, very much branch’d,and extended,fome of them, 
to a great length,in proportion to their Diameter,like creeping brambles. 

The manner of the growth and formation of this kind of Vegetable, is 
the third head of Enquiry,which, had I time,I (hould follow: the figure 
and method of Generation in this concrete feeming to me, next after 
the Enquiry into the formation, figuration, or chryftalization of Salts, to 
be the moft fimple, plain, and eafie$ and it feems to be a medium 
through which he muft neceflarily pals, that would with any likelihood 
inveftigate the forma informans of Vegetables: for as I think that he (hall ' 
find it a very difficult talk, who undertakes to difeover the form of Sa¬ 
line 
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line cryflallizations, without the consideration and preference of the na¬ 
ture and reafon of a Globular form, and as difficult to explicate this con¬ 
figuration of Mufhroms, without the previous consideration of the form 
of Salts 5 fb will the enquiry into the forms of Vegetables be no leSs, if 
not much more difficult, without the fore-knowledge of the forms of 
Mufhroms, thefe fevcral Enquiries having no Ids dependance one up¬ 
on another then any feledl number of Propositions in Mathematical Ele¬ 
ments may be made to have. 

Nor do I imagine that the Skips from the one to another will be found 
very great, if beginning from fluidity, or body without any form, we 
defeend gradually,till we arrive at the higheffc form of a bruite Animals 
Soul, making the Steps or foundations of our Enquiry, Fluidity , Orbicu - 
lation 0 Fixation , Angulization , or Crystallization Germination or Ebulli-t 
tion : Vegetation^Plantanimation^ Animation , Senfation , Imagination . 

Now, that we may the better proceed in our Enquiry, It will be re¬ 
quisite to confider: 

Firft, that Mould and Mufhroms require no feminal property, but the 
former maybe produc'd at any time from any kind of purifying Animal, 
or Vegetable Subftance,as Flefh,c^c. kept moift and warm,and the latter, 
if what Mathiolus relates be true, of making them by Art, are as much 
within our command, of which Matter take the Epitomie which Mr. 
Tarkinfon has deliver'd in his Herbal , in his Chapter of Mufiroms^ becauSe 
I have not Mathiolus now by me : Vnto thefe Mufiroms (faith he) may 
alfo be adjoynd thofe which are made of Art (n^ere^Mathiolus makes men¬ 
tion') that grow naturally among certain flones in Naples, and that the 
Jiones being digg*d up , and carried to Rome, and other places , where they 
fit them in their Wine Cellars , covering them with a little Earth^andfiring 
ling a little warm water thereon , would within four days produce Mufhroms 
fit to be caten y at what time one will: As alfo that Mufhroms may be made 
te grow at the foot of a wilde Poplar Tree, within four days after , warm 
water wherein fome leaves have been dijjolv dfhall be pour d into the Root 
(which muft be flit) and the flockl above ground . 

Next, that as Mufhroms may be generated without Seed, fo does it 
not appear that they have any Such thing as feed in any part of them 5 for 
having considered Several kinds of them, I could never find any thing in 
them that I could with any probability gheSs to be the Seed of it. So that 
it does not as yet appear (that I know of) that Mufhroms may be ge¬ 
nerated from a feed, but they rather feem to depend merely upon a con¬ 
venient conflitution of the matter out of which they are made, and a 
concurrence of either natural or artificial heat. 

Thirdly,that by feveral bodies (as Salts and Metals both in Water and 
in the air, and by feveral kinds of fublimations in the Air) actuated and 
guided with a congruous heat, there may be produc’d Several kinds of 
bodies as curiouSly, if not of a more compos'd Figure 5 feveral kinds of 
rifing or Ebulliating Figures Seem to manifeft 5 as witneSs the Shooting 
in the Rectification of Spirits of Urine , Hart-horn , Blond , See. witneSs alSo 
the curious branches of evaporated dissolutions, fome of them againft 
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the fides of the containing Jar: others (landing up, or growing an end, 
out of the bottom, of which I have taken notice of a very great variety. 
But above all the reft, it is a very pretty kind of Germination which is af¬ 
forded us in the Silver Tree, the manner of making which with Mercury 
and Silver, is well known to the Chymifts, in which there is an Ebullition 
or Germination, very much like this of Mufhroms, if I have been rightly 
inform’d of it. 

Fourthly, I have very often taken notice of, and alfoobferv’d with a 
Mzcrofcope , certain excrefcencies or Ebullitions in the fnuff of a Candle, 
which, partly from the flicking of the fmoaky particles as they are car- 
ryed upwards by the current of the rarify’d Air and flame, and partly 
alfbfrom a kind of Germination or Ebullition of fome a&uated un&uous 
parts which creep along and Alter through fome fmall ftring of the Week, 
are formed into pretty round and uniform heads, very much relembling 
the form of hooded Mufhroms, which, being by any means expos’d to the 
frefh Air, or that air which encompafles the flame, they are prefently 
lick’d up and devour’d by it, and vanifh. 

The reafon of which Phenomenon feems to me,to be no other then this : 

That when a convenient thread of the Week is fo bent out by the ftdes 
of the fnuff that are about half an Inch or more, remov’d above the 
bottom,or loweft part of the flame,and that this part be wholly included 
in the flame 5 theOyl (for the realon of filtration, which I have elfe- 
where rendred) being continualy driven up the fhuff^ is driven like- 
wife into this ragged bended-end, and this being remov’d a good 
diftance, as half an Inch or more, above the bottom of the flame, the 
parts of the air that pafles by it, are already, almoft fatiated with the dift 
folution of the boiling unfruous fleams that iflued out below, and there¬ 
fore are not onely glutted, that is, candiflolve no more then what they 
are already adling upon, but they carry up with them abundance of 
un&uousand footy particles, which meeting with that rag of the Week, 
that is plentifully fill’d with Oyl, and onely fpends it as faft as it evapo^ 
rates, and not at all by diflolution or burning, by means of thefe fteamy 
parts of the filterated Oyl ifluing out at the fides of this ragg, and being 
inclos’d with an air that is already fatiated and cannot prey upon them 
nor burn them, the afcending footy particles are flay’d about it and fix’d, 
fb as that about the end of that ragg or filament of the fnuff^ whence the 
greateft part of the fleams ifiue, there is conglobated or fix’d a round 
and pretty uniform cap, much relembling the head of a Mufhrom, which, 
if it be of any great bignefs, you may obferve that its underfide will be 
bigger then that which is above the ragg or ftem of it 5 for the Oyl that is 
brought into it by filtration,being by the bulk ofthe cap a little fhelter’d 
from the heat of the flame, does by that means iflue as much out from be¬ 
neath from the flalk or downwards, as it does upwards, and by reafon of 
the great accefs of the adventitious fmoak from beneath,it increafes moft: 
that way. That this may be the true reafon of this Phenomenon, I could 
produce many Arguments and Experiments to make it probable: As, 

Firft, that the Filtration carries the Oyl to the top of the Week^t leaf! 
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ds high as thefe raggs, is vifible to one that will obferve the fnuff of d 
burning Candle with a Alicrofcope , Where he may fee an Ebullition or 
bubbling of the Oyl, as high as the fnufi looks black. 

Next,that it does fteamaWay more then burn 5 I could tellyou of the 
dim burning of a Candle, the longer the fnuff be which arifes from the 
abundance of vapours out of the higher parts of it. 

And, thirdly, that in the middle of the flame of the Candle, tteer the 
top of the fnuff, the fire or difiolving principle is nothing neer fo ftrong, 
as neer the bottom and out edges of the flame, which may be obferv’d by 
the burning afunder of a thread, that will firfi break in thole parts that 
the edges of the flame touch, and not in the middle. 

And I could add foveral Obforvables that I have taken notiee Of in the 
flame of a Lamp aftuated with Bellows, and very many others that con¬ 
firm me in my opinion, but that it is not fo much to my prefent purpofoj 
which is oncly to confider this concreet in the fnuff of a Candle, fofarf 
as it has any refemblance of a Mufbrom, to the confideration of which, 
that I may return, I fay, we may alfo oblerve: 

In the firfi: place, that the droppings or trillings of Lapidefoent waters 
in Vaults under ground, foem to confiitute a kind of petrify'd body,form’d 
almofi like feme kind of Mufhroms inverted,in fo much that I have feen 
fome knobb’d a little at the lower end, though for the moft part, indeed 
they are otherwife fhap’d,and taper’d towards the end, the generation of 
which feems to be from no other reafon but this, that the water by foak* 
ing through the earth and Lime (for I ghefs that fubftance to add much 
to \t petrifying quality) does fo impregnate it felf with ftony particles, 
that hanging in drops in the roof of the Vault, by reafon that the 
foaking of the water is but flow, it becomes expos’d to the Air, and there-" 
by the outward part of the drop by degrees grows hard, by reafon that 
the water gradually evaporating the ftony particles neer the outfides of 
the drop begin to touch, and by degrees, to dry and grow clofor toge¬ 
ther, and at length confiitute a cruft or fhell about the drop 5 and this 
foaking by degrees, being more and more fupply’d, the drop grows 
longer and longer, and the fides harden thicker and thicker into a 
Quill or Cane, and at length, that hollow or pith becomes almofi flop d 
up, and folid: afterwards the foaking of the petrifying water, finding no 
longer a paflage through the middle, burfts out, and trickles down the 
outfide, and as the water evaporates, leaves new foperinduc’d fhells, 
which more and more fwell the bulk: of thofo Iceicles 5 and becaufo of 
the great fupply from the Vault, of petrifying water, thofo bodies grow 
bigger and bigger next to the Vault, and taper or fharpen towards the 
pointy for the accefs from the arch of the Vault being but very flow,and 
confoquently the water being fpread very thinly over the furface of the 
Iceicle,the water begins to fettle before it can reach to the bottom, of 
corner end of it , whence, if you break one of thefo, you would almofi 
imagine it a ftick of Wood petrify d 3 it having fo pretty a refomblance of 
pith and grain, and if you look on the outfide of a piece, or of one 
whole, you would think no left, both from its vegetable roundnefs and 
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tapering form} but whereas all Vegetables are obferv’d to (hoot and 
grow perpendicularly upwards, this does (hoot or propend diredtly 
downwards. 

By which laft Obiervables, we fee that there may be a very pretty 
body fhap’d and concreeted by Mechanical principles, without the leaft 
(hew or probability of any other feminal forwatrix . 

And fince we find that the great realbnofthe Phenomena of this pret¬ 
ty petrifaftim^ are to be reduc’d from the gravity of a fluid and pretty 
volatil body impregnated with ftony particles, why may not the rhaxo- 
mena. of Ebullition or Germination be in part poffibly enough deduc’d 
from the levity of an impregnated liquor, which therefore perpendicu¬ 
larly afeending by degrees, evaporates and leaves the more folid and 
fix’d parts behind in the form of a Mufhrom, which is yet further diverfi- 
fy’d and (pecificated by the forms of the parts that impregnated the li¬ 
quor, and compofe or help to conftitute the Mufhrom. 

That the foremention’d Figures of growing Salts, and the Silver Tree, 
are from this principle, I could very eafily manifeft, but that I have not 
now a convenient opportunity of following it, nor have I made a diffid¬ 
ent number of Experiments and Obfervations to propound, explicate,and 
prove (o ufefull a Theory as this of Mufhroms: for, though the con¬ 
trary principle to that of petrify d Iceicles may be in part a caufe} yet 
I cannot but think, that there is (bmewhat a more complicated caufe, 
though yet Mechanical, and poflible to be explain’d. 

We therefore have further to enquire of it, what makes it to be (uch a 
liquor, and to afcend, whether the heat of the Sun and Air, or whe¬ 
ther that of firmentiation and putrifaction , or both together } as al(b whe¬ 
ther there be not a third or fourth, whether a Saline principle be not a 
confiderable agent in this bufinels alfo as well as heat, whether al(o a fixa¬ 
tion, precipitation or fettling of certain parts out of the aerial Mufhrom 
may not be alfo a confiderable coadjutor in the bufinefs. Since we find 
that many pretty beards orof the particles of Silver may be preci¬ 
pitated upon a piece of Brals put into a folution of Silver very much di¬ 
luted with fair water, which look not unlike a kind of mould or hoar 
upon that piece of metal } and the hoar froft looks like a kind of mould 5 
and whether there may not be feveral others that do concurr to the pro¬ 
duction of a Mufhrom, having not yet had fuflicient time to profecute ac¬ 
cording to my defires, I mull: referr this to a better opportunity of my 
own, or leave and recommend it to the more diligent enquiry and exa¬ 
mination offuch as can be maflers both of leifure and conveniencies for 
fiich an Enquiry. 

And in the mean time, I muft conclude, that as far as I have been able 
to look into the nature of this Primary kind of life and vegetation, I can¬ 
not find the leaft probable argument to perfwade me there is any other 
concurrent caufe then fuchas is purely Mechanical, and that the cffeCts 
or productions are asneceflary upon the concurrence of thofe caufes as 
that a Ship, when the Sails are hoift up, and the Rudder is fet to fiich a 
pofition,fhould,when the Wind blows, be mov’d in fuch a way or courfe 
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to that or t’other place f Or, as that the brufed Watch, which I men* 
tion in the defcription of Mo(s, fliould, when thofe parts which hindred 
its motion were fallen away, begin to move, but after quite another man¬ 
ner then it did before. 


Obferv. XXI. Of Mofs, and fever a l other [mail vegetative Sub- 
fiances * 

1’/ j •• - UK T.,-11 it >l ; l‘. i ’'/O'J ■ v ;;i; 

M Ofs is a Plant, that the wifefl of Kings thought neither UnWoithy 
his fpeculation, nor his Pen, and though amongfl Plants it be in 
bulk one of the fmallefl, yet it is not the leaft ccnfiderable: For, as to its 
fhape, it may compare for the beauty of it with any Plant that grows, 
and bears a much T bigger breadth 5 it has a root almofl like a feedy Parf- 
nep, furniflfd with (mail firings and fuckers, which are all of them finely 
branch'd, like thofe of the roots of much bigger Vegetables $ out of this 
fprings the flem or body of the Plant, which is fomewhat ®uadrangulai' i 
rather then Cylindrical , moft curioufly fluted or ftrung with final 1 creafes, 
which run,for the mofl part parallel the whole flcm 5 on the fides of this 
arc clofe and thick fet, a multitude of fair,large,well-fhap’d leaves, fome 
of them of a tounder. Others of a longer fhape, according as they are 
younger or older when pluck’d 5 as I ghefs by this, that thofe Plants that 
had the flalks growing from the top of them, had their leaves of a much 
longer fhape, all the furface of each fide of which, is curioufly cover’d 
with a multitude of little oblong tranfparent bodies, in the manner as 
you fee it exprefs’d in the leaf B, in the XIII. Scheme. 

This Plant, when young and fpringing up, does much refemble a Houfc 
Ieek,having thick leaves,almofl like that, and feems to be fomwhat ofkin 
to it in other particulars 5 alio from the top of the leaves, there fhoots out • 
a fmall white and tranfparent hair, or thorn : This flcm, in time,come to» 
fhoot out into a long,roundand even flalk, which by cutting tranfverfly, 
when dry, I manifeflly found to be a fliff’ hard, and hollow Cane, of 
Reed, without any kind of knot, of flop, from its bottom, where the 
leaves encompafs’d it, to the top, on which there grows a large feed cafe, 
A, cover’d with a thin, and more whitifh fkin,B, terminated in a long 
thofny top, which at firfl covers all the Cafe, and by degrees, as that 
fwells, thefkin cleaves, and at length falls off, with its thorny top and all 
(which is a part of it) and leaves the feed Cafe to ripen, and by degrees, 
to fhatter out its feed at a place underneath this cap^ B, which before 
the feed is ripe, appears like a flat barr’d button, without any hole in the 
middle 5 but as it ripens, the button grows bigger, and a hole appears in 
the middle of it, E, out of which, in all probability, the feed falls: For 
as it ripens by a provifion of Nature, that end of this Cafe turns down¬ 
ward after the fame manner as the ears of Wheat and Barley ufually do 5 
and opening feveral of thefe dry red Cafes, F, I found them to'be 
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quite hollow,without any thing at all in them 5 whereas when I cut them 
afunder with a (harp Pen-knife when green ,1 found in the middle of this 
great Cafe,another fmaller round Cafe,between which two,the interfiices 
were fill’d with multitudes of ftringie fibres , which Teem’d to fufpend the 
lefler Cafe in the middle of the other, which (as farr as I was able to dip 
cern) (eem’d full of exceeding fmall white feeds, much like the feed-bagg 
in the knop of a Carnation, after the dowers have been two or three 
days, or a week/allenoff^ but this I could not fo perfectly difeern, and 
therefore cannot pofitively affirm it. 

After the feed was fallen away,1 found both the Cafe. Stalk,and Plant, 
all grow red and wither, and from other parts of the root continually to 
(pring new branches or (lips, which by degrees increafed, and grew as 
bigg as the former, feeded, ripen’d, fhatter’d, and wither’d. 

I could not find that it obferv’d any particular feafons for thefe feveral 
kinds of growth, but rather found it to be fpringing, mature, ripe, feedy, 
and wither’d at all times of the year 3 But I found it moft to flourilh and 
increafe in warm and moifi: weather. 

It gathers its nouri(hments,for the mod: part,out of fome Lapickfeent,or 
other fubftance corrupted or chang’d from its former texture, or fub- 
ftantial form3 for I have found it to grow on the rotten parts of Stone, 
of Bricks, of Wood, of Bones, of Leather, &c. 

It oft grows on the barks of feveral Trees, fpreading it (elf, (ometimes 
from the ground upwards, and (ometimes from fome chink or cleft of 
the bark of the Tree, which has fome putriffid fubftance in it3 but this 
(eems of a diftintt kind from that which I obferv’d to grow on putrifid 
inanimate bodies, and rotten earth. 

There are alfo great varieties of other kinds of Modes, which grow on 
Trees, and feveral other Plants, of which I fhall here make no mention, 
nor of the Mo(s growing on the (kull of a dead man, which much re- 
fembles that of Trees. 

. Whether this Plant does (ometimes originally (pring or r ile out of cor- 
ruption,without any difleminated feed, I have not yet made trials enough 
to be very much, either pofitive or negative 3 for as it (eems very hard to 
conceive how the feed (hould be generally dilpers’d into all parts where 
there is a corruption) begun, unlels we may rationally fuppofe, that this 
(eed being fo exceeding lmall,and confequently exceeding light,is there¬ 
by taken up, and carried to and fro in the Air into every place,and by 
the falling drops of rain is wafh’d down out of it, and fo difpers’d into all 
places, and there onely takes root and propagates, where it finds a con¬ 
venient foil or matrix for it to thrive in 3 fo if we will have it to proceed 
From corruption, it is not left difficult to conceive, 

Firft, how the corruption of any Vegetable, much lefs of any Stone or 
Brick, (hould be the Parent of fo curioully figur’d, and fo perfect a 
Plant as this is. But here indeed, I cannot but add, that it (eems rather to 
be a produtt of the Rain in thofe bodies where it is (lay’d, then of the 
very bodies themfelves, fince I have found it growing on Marble, and 
Flints but always the Mkrofcope^ if not the naked eye, would difeover 
fome little hole of Dirt in which it was rooted. Next* 
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Next,how the corruption ofeach ofthofe exceedingly differing bodies 
fhould all confpire to the produ&ion of the fame Plant,that is,that Stones, 
Bricks, Wood, or vegetable fubftances, and Bones, Leather, Horns, or 
animate fubfcances, unlefs we may with fome plauliblenefs fay, that Air 
and Water are the coadjutors, or menjlruumsjn all kinds o {pittrifaffions, 
and that thereby the bodies (though whil’ft they retain’d their fubftan- 
tial forms,were of exdceeing differing natures,yet)fince they are diflblv’d 
and mixt into another, they may be very Homogeneous, they being almoft 
refolvd again into Air, Water.and Earth 5 retaining,perhaps, one part of 
their vegetative faculty yet entire, which meeting with congruous aft 
fiftants, fuch as the heat of the Air, and the fluidity of the Water, and 
fitch like coadjutors and conveniences, acquires a certain vegetation for 
a time, wholly differing perhaps from that kind of vegetation it had 
before. 

To explain my meaning a little better by a grofs Similitude: 

Suppofe a curious piece of Clock-work, that had had feveral motions 
and contrivances in it, which, when in order, would all have mov’d in 
their defign’d methods and Periods. We will further foppofe, by fome 
means, that this Clock comes to be broken, brufod, or othervyife difor- 
dered, fo that feveral parts of it being diflocated, are impeded, and fo 
(land hill, and not onely hinder its own progrefiive motion, and produce 
not the effed which they were defign’d for, but becaufo the other parts 
alfo have a dependence upon them, put a hop to their motion likewife $ 
and fo the whole Inftrument becomes unferviceable,, and not fit for any 
ufo. This Inftrument afterwards, by fome fhaking and tumbling, and 
throwing up and down, comes to have feveral of its parts fhaken out, and 
feveral of its curious motions, and contrivances, and particles all fallen 
afunder, here a Pin falls out, and there a Pillar, and here a Wheel, and 
there a Hammer, and a Spring, and the like, and among the reft, away 
falls thofe parts alfo which were brufed and diforder’d, and had all this 
while impeded the motion of all the reft 5 hereupon feveral of thofe other 
motions that yet remain, whofe fprings were not quite run down, being 
now at liberty, begin each of them to move,thus or thus, but quite after 
another method then before, there being many regulating parts and the 
like,fallen away and loft. Upon this, the Owner, who chances to hear 
and obferve fome of thefe efie&s, being ignorant of the Watch-makers 
Art, wonders what is betid his Clock, and prefentl) imagines that 
fome Artift: has been at work, and has fet his Clock in order, and made a 
new kind of Inftrument of it, but upon examining circumftances,he finds 
there was no foch matter, but that the cafual flipping out of a Pin had 
made feveral parts of his Clock fall to pieces, and that thereby the ob- 
ftacle that all this while hindred his Clock, together with other ufefull 
parts were fallen out, and fo his Clock was fet at liberty. And upon 
winding up thofe fprings again when run down, he finds his Clock to go, 
but quite after another manner then it was wont heretofore. 

And thus may it be perhaps in the bufinefs of Mofs and Mould, and 
Mufhroms, and feveral other fpontancous kinds of vegetations, which 
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may be caus’d by a vegetative principle, which was a coadjutor to the 
life and growth of the greater Vegetable, and was by the deftroying 
of the life of it ftopt and impeded in performing its office 5 but after¬ 
wards, upon a further corruption of feveral parts that had all the while 
impeded it, the heat of the Sun winding up, as it were, the fpring, fets it 
again into a vegetative motion, and this being fingle,and not at all regu¬ 
lated as it was before(when a part of that greater machine the priftine ve¬ 
getable)^ mov’d after quite a differing manner.and produces effecfs very 
differing from thofe it did before. 

But this I propound onely as a conjedrure, not that I am more cnclin’d 
to this Hypothecs then the feminal, which upon good realon 1 ghefs to be 
Mechanical alfb, as I may elfewhere more fully fhew: But becaufe I may, 
by this,hint a pofiible way how this appearance may be folv’d 5 fiippofing 
we fhould be driven to confefs from certain Experiments and Obfervati- 
ons made, that liich or fuch Vegetables were produc’d out of the cor¬ 
ruption of another, without any concurrent feminal principle (as I have 
given fome reafbn to fuppofe, in the defeription of a Microfcopical Mulh- 
rome) without derogating at all from the infinite wifdom of the Creator. 
For this accidental produftion, as I may call it, does manifeft as much, if 
not very much more, of the excellency of his contrivance as any thing in 
the more perfedt vegetative bodies of the world, even as the accidental 
motion of the Automaton does make the owner fee, that there was much 
more contrivance in it then at firft he imagin’d. But of this I have added 
more in the defeription of Mould,and the Vegetables on Rofe leaves, &c. 
thofe being much more likely to have their original from fuch a caufe 
then this which I have here deferibed, in the 13. Scheme , which indeed I 
cannot conceive otherwise of, then as of a moft: perfedt Vegetable, want¬ 
ing nothing of the perfedtions of the moft: confpicuous and vafteft Vege¬ 
tables of the world, and to be of a rank fo high, as that it may very 
properly be reckon’d with the tall Cedar of Lebanon , as that Kingly 
Botanift has done. 

We know there may be as much curiofity of contrivance, and excel¬ 
lency of form in a very fmall Pocket-clock, that takes not up an Inch 
fquare of room,as there may be in a Church-clcck that fills a whole room 5 
And I know not whether all the contrivances and Ale chanifens requifite 
to a perfedt Vegetable, may not be crowded into an exceedingly lefs 
room then this of Mofs, as I have heard of a ftriking Watch fo fmall, 
that it ferv’d for a Pendant in a Ladies ear } and I have already given 
you the defeription of a Plant growing on Rofe leaves, that is abundant¬ 
ly fmaller then Mofs, infomuch, that neer 1000. of them would hardly 
make the bignefs of one fingle Plant of Mofs. And by comparing the 
bulk of Mofs, with the bulk of the biggcLt kind of Vegetable we meet 
with in Story (of which kind we find in fome hotter climates, as Guine 0 
and Brafile , the ftock or body of fome Trees to be twenty foot in Dia¬ 
meter, whereas the body or Item of Mofs, for the moft: part, is not above 
one fixtieth part of an Inch) we fhall find that the bulk of the one 
will exceed the bulk of the other, no lefs then 3985984 Millions, 
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Of 298598^000000,. nod fuppofing the produ&ioh on a Role leaf to be 
aPlant,.we (hall have of thole Indian Plants to exceed a production of 
the fame Vegetable kingdom no lels then xooo times the former number > 
lo prodigioully various are the works of the Creator,and fo Allrluifodent 
h he to perform what to man would leem uupoffible, they being both 
alike eafie to him,, even as one day, and a thouiand years, are to hima& 
one and the fame time^ . : 

I have tak en notice of Inch an infinite variety of thofe finalier kinds of 
vegetations, that fhouldlhave delcribed every one of them*they would 
almoft have fill’d a Volume,and prov d bigg enough to have made a new 
Herbal, fueh multitudes are there to be found in moift hot weather, 
efpecially in the Summer time, on.all kind of pun ifying fubftances, which, 
whether they do more properly belong to the Clajfij of Mnjhroms , or 
Moulds? or Moffos ? I fhall not now difputc, there being fbme that feem 
more properly of one kind , others of another, their colours and 
magnitudes being as much differing as their Figures andijubftances* 

Nay, I have obferv’d,that putting fair Water (whether Rakvwater or 
Pump-water, or May-dew? or Snow-water, it was alraofl: all one) I have 
often obferv’d, I fay, that this Water would, with a little ftanding, tarnifti 
and cover all about the fides of the Glafs that lay under water, with a 
lovely green 5 but though I have often endeavour’d to difcover with my 
Microfcope whether this green were like Mofs, or long ftriped Sea-weed,, 
or any other peculiar form, yet fo ill and imperfeCt are our Mkrofiopes y 
that I could not certainly diieriminate any. 

Growing f rees alfo, and any kinds of Woods, Stones* Botles, &c. that 
have been long expos’d to the Air and Rain, will be all over cover’d with 
a greenifh feurff, which, will very much foul and green any kind of cloaths 
that are rubb’d againft it* viewing this, I could not certainly perceive 
in many parts of it any determinate form,though in many I could perceive 
a Bed as ’twere of young Mofs, but in other parts it look'd almoft like 
green bufhes,and very confus’d,but always of what ever irregular Figures 
the parts appear’d of, they were always green, and feem’d to be either 
fbme Vegetable, or to. have fbme* vegetating principle* 


Obferv. XXII* Of common Sponges, and feverat other Spongie 
fibrous bodies. 

A Sponge is commonly reckon’d among the Zoophyts? of Plant Ani¬ 
mals* and the texture of it,which the Microfcope di(covers, feems to 
confirm it ^ for it is of a form whereof I never obferv d any other Vege¬ 
table, and indeed,it feems impoifible that any fhould be of it* for it con- 
fifts of an infinite number of fmall fhort fibres , or nervous parts, much of 
the fame bignefs, curioufly jointed or contex’d together in the form 
of a Net, as is more plainly manifeft by the little Draught which I have 
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added, in the third Figure, of the IX. Scheme , of a piece of it, which yon 
may perceive reprefents a confus’d heap of the fibrous parts curioully 
jointed and implicated. The joints are, for the moft part, where three 
fibres onely meet,for I have very feldom met with any that had four. 

Atthefe joints there is no one of the three that feems to be theftock 
whereon the other grow, but each of the fibres are, for the mod: part, of 
an equal bignels, and feem each of them to have an equal fhare in the 
joint 3 the fibres are all of them much about the lame bignels, notlinaller 
towards the top of the Sponge, and bigger neerer the bottom or root, asr 
is uluall in Plants, the length of each between the joints, is very irregu¬ 
lar and different 3 the diftance between fome two joints, being ten or 
twelve times more then between fome others. 

Nor are the joints regular, and of an equitriagonal Figure , but,for the 
moft part, the three fibres lb meet, that they compofe three angles very 
differing all of them from one another. 

The melhes likewife, and holes of this reticulated body, are not left 
various and irregular: fome bilateral , others trilateral , and quadrilateral 
Figures 3 nay, I have obferv d fome mefhes to have 5, 6 , 7,8, or 9. fides, 
ana fome to have onely one, lb exceeding various is the Lufus Natura in 
this body. 

As to the outward appearance of this Vegetative body, they are lb 
uluall every where, that I need not deferibe them, conlifting of a foft 
and porous lubftance, reprefenting a Lock, fometimes a fleece of Wooll 3 
but it has belides thefe fmall microfeopical pores which lie between the 
fibres , a multitude of round pores or holes, which, from the top of it, 
pierce into the body, and fometimes go quite through to the bottom. 

I have oblerv’d many of thefe Sponges, to have included likewile in 
the midft of their fibrous contextures, pretty large friable ftones, which 
muft either have been inclos’d whil’ft this Vegetable was in formation,or 
generated in thole places after it was perfectly lhap’d. The later of which 
foems the more improbable, bccaufe I did not find that any of thele ftony 
fobftances were perforated with the fibres of the Sponge. 

I have never foen nor been enform’d of the true manner of the grow¬ 
ing of Sponges on the Rock^whether they are found to increafe from little 
to great,like Vegetables,that is, part after part, or like Animals, all parts 
equally growing together 3 or whether they be matrices or foed-baggsof 
any kind of Fifties, or fome kind of watry Inleft 3 or whether they are at 
any times more foft and tender, or of another nature and texture,which 
things, if I knew, I Ihould much defire to be informed of: but from a 
curfory view that I at firft made with my Microfcope , and fome other 
trials,I fuppofed it to be fome Animal fubftance caft out, and faftned up¬ 
on the Rocks in the form of a froth, or congeries of bubbles, like that 
which I have often oblerv’d on Rolemary, and other Plants (wherein 
is included a little Infed) that all the little films which divide thele 
bubbles one from another,did prefently,almoft after the fubftance began 
to grow a little harder,break,and leave onely the thread behind, which 
might be, as ’twere, the angle or thread between the bubbles, that the 
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great holes or pores oblervable in thefe Sponges were made by the eru¬ 
ption of the included Heterogeneous fubflance (whether air, or fome 
other body, for many other fluid bodies will do the fame thing) which 
breaking out of the leffer, were colle&cd into very lafge bubbles, and 
fb might make their way out of the Sponge, and in their paflage might 
leave a round cavity 5 and if it were Jarge,might carry up with it the ad¬ 
jacent bubbles, which may be perceiv’d at the outfide of the Sponge, if 
it be firft throughly wetted, and fuffer’d to plump it felf into its natural 
form, or be then wrung dry, and fuffer’d to expand it felf again, which it 
will freely do whifftmoill: for when it has thus plump’d it felf into its 
natural fhape and dimenfions, tis obvious enough, that the mouths of the 
larger holes have a kind of lip or riling round about them, but the other 
fmaller pores have little or none. It may further be found, that each of 
thefe great pores has many other fmall pores below, that are united unto 
it, and help to conflitute it, almofl like fo many rivulets or lmall ftreams 
that contribute to the maintenance of a large River. Nor from this 
Hypothefis would it have been difficult to explicate, how thofe little 
branches of Coral , fmal Stones , shells , and the like, come to be included . 
by thefe frothy bodies : But this inded was but a conje&ure , and upoft 
a more accurate enquiry into the form of it with the Microfcope , it feems 
not to be the true origine of them , for whereas Sponges have onely 
three arms which join together at each knot, if they had been generated 
from bubbles they muft have had four. 

But that they are Animal Subfiances, the Chyntical examination of 
them feems to manifefl, they affording a volatil Salt and fpirit,like Harts - 
Horn, as does alfb their great ftrength and toughnels, and their fmell 
when burn’d in the Fire or a Candle, which has a kind of flefhy fent,not 
much unlike to hair. And having fince examin’d feveral Authors Con¬ 
cerning them,among others,I find this account given by Bellonius , in the 
XI. Chap . of his 2 d Book, De Aquatilibus. spongia recent es, fays he, a ficck 
longe diverfiefcopulis aqua marine ad duos vel tres cubit osytonnunqu am qua - 
tuor tantnm digitos intnterjis , ut fungi arboribus adherent,fir dido quodani 
fucco aut ntucofapotiusJanie refterta^ujque adeofetida.ut vel eminus naufeanl 
excitet . continetur autem ik cavernk , quas inanes in jicck & lotis Spongik 
cernimus : Putrispulmonk wo do nigree conjpiciuntur , veriirn qu£ in foblimi 
aqua naftuntur wulto magis opaca nigredtne foffufie font, Vivere quideni 
Spongias adharendo Arifloteles cenftt: abfolute vero minime : Jenfomque 
aliquem habere, vel eo argument0 ( inquit ) credantur, quod dijfocillime ab- 
■ ftrahanturfofi clanculum agatur:Atq } ad avulforis accejjum it a contrahantur , 
ut eas evellere difficile fit , quod idem etiam faciunt quotiesflatus tempefta - 
tifque urgent. Vuto autem illk foccum fordidum quern fapra [diximus car - 
nis loco a natura attributum fuijfe : atque meatibu* latioribus tan - 
quam inteflinis aut inter anek uti. Cater urn pars ea qua Spongia cautibus 
adherent eft tanquaw folii petiolus , a quo veluti collurn qUoddam gracile in- 
cipit i quod deinde in latitudinem diffufom capitk globum facit. Rccentibus 
nihil eft fiftulofom , hafitantque tanquaw radteibus. Superne omnes propemo* 
dum me atm concrete latent: inf erne verb quaterni aut quini patent ,per qnos 
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eas fugere exifiimamus . From which Defcription, they Teem to be a kind 
of riant-Animal that adheres to a Rockland thefe fmall fibres or threads 
which we have, defcribed, feem to have been the Veflels which (’tis very 
probable) were very much bigger whil’ft the Interfiitia were fill’d (as 
he affirms) with a mucous,pulpy or flefhy fubftance 3 but upon the drying 
were fhrunk into the bignefs they now appear. 

The texture of it is fuch, that I have not yet met with any other body 
in the world that has the like, but onely one of a larger fort of Sponge 
(which is preferv’d in the Mufeum Harveanum belonging to the moft 
Uluftrious and moft learned Society of the Phyficians of London ) which is 
of a horney, or rather of a petrify’d fubftance. And of this indeed, the 
texture and make is exadly the fame with common Sponges, but onely 
that both the holes and the fibres , or texture of it is exceedingly much 
bigger,for fome of the holes were above an Inch and half over, and the 
fibres and texture of it was bigg enough to be diftinguifhed eafily with 
ones eye, but confpicuoufly with an ordinary Angle Microfiope. And thefe 
indeed, feem'd to have been the habitation of fome Animal 3 and ex¬ 
amining Arifiotle 0 1 find a very confbnant account hereunto, namely, that 
* he had known a certain little Animal, call’d Pinnothera, like a Spider, to 
be bred in thofe caverns of a Sponge,from within which,by opening and 
clofing thofe holes, he infnares ana catches the little Fiihe$3 and in ano¬ 
ther place he fays, That’tis very confidently reported, that there are cer¬ 
tain Moths or Worms that refide in the cavities of a Sponge,and are there 
nourifhed: Notwithftanding all which Hiftories,! think it well worth the 
enquiring into the Hiftory and nature of a Sponge, it feeming to promife 
fome information of the Veflels in Animal lubftances, which (by reafon 
of the folidity of the interferted flefh that is not eafily remov’d, without 
deftroying alfo thofe interfpers’d Veflels ) are hitherto undifcover’d 3 
whereas here in a Sponge,the Parenchyma^ it feems,is but a kind of mucous 
gelly, which is very eafily and clcerly wafh’d away. 

The reafon that makes me imagine, that there may probably be fome 
fuch texture in Animal fubftances, is, that examining tne texture of the 
filaments of tann’d Leather, I find it to be much of the fame nature and 
ftrength of a Sponge 3 and with my Microfiope , I have obferv’d many fiich 
joints and knobs, as I have deferibed in Sponges, the fibres alfo in the hol¬ 
low of feveral forts of Bones, after the Marrow has been remov’d, I have 
found fomewhat to refemble this texture, though, I confefs, I never yet 
found any texture exa&ly the fame, nor any for curiofity comparable 
to it. 

The filaments of it are much fmaller then thofe of Silk, and through 
the Microfiope appear very neer as tranfparent, nay, fome parts of them 
I have obferv’d much more. 

Having examin’d alfo feveral kinds of Mufhroms, I finde their texture 
to be fomewhat of this kind, that is, to confift of an infinite company of 
fmall filaments, every way contex d and woven together, io as to make a 
kind of cloth, and more particularly, examining a piece of Touch-wood 
(which is a kind of Jews-ear 9 or Mufhrom, growing here in England alfo, 
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on feveral forts of Trees, fuch as Elders, Maples, Willows, &c. and is 
commonly call’d by the name of Spun fa but that we meet with to be 
ibid in Shops, is brought from beyond Seas) I found it to be made of an 
exceeding delicate texture: For the fubftance of it feels, and looks to 
the naked eye,and may be ftretch’d any way,exadtly like a very fine piece 
of Chamois Leather, or waffl’d Leather, but it is of fbmewhat a browner 
hew, and nothing neer fo ftrong^ but examining it with my Microfcope , 
I found it of fbmewhat another make then any kind of Leather 5 for 
whereas both chamois , and all other kinds of Leather I have yet view’d, 
confift of an infinite company of filaments, fomewhat like bufhes inter¬ 
woven one within another, that is,of bigger parts or Items, as it were, and 
fmaller branchings that grow out of them 5 or like a heap of Ropes ends, 
where each of the larger Ropes by degrees feep to fplit or untwift, into 
many- fmaller Cords, and each of thofe Cord^ into lmaller Lines, and 
thofe Lines into Threads, &c. and thefe ftrangely intangled, or inter¬ 
woven one within another t The texture of this Touch-wood feem$ 
more like that of a Lock or a Fleece of Wool, for it confifts of an infinite 
number of fmall filaments, all of them, asfarr as I could perceive, of the 
fame bignefs like thofe of a Sponge, but that the filament? of this were 
not a twentieth part of the bignefs of thofe of a Sponge, and I could not 
fo plainly perceive their joints, or their manner of interweaving, though, 
asfarr as I was able todifeern with that Microfcope I had, I fuppofe it to 
have fbme kind ofrefemblance, but the joints are nothing neer fb thick, 
nor without much trouble vifible. 

The filaments I could plainly enough perceive to be even,round,cylin- 
drical,tranfparent bodies,and to crofs each other every way, that is,*there 
were not more feem’d to lie horizontally then perpendicularly and thwart^ 
way, fo that it is fomewhat difficult to conceive how they fhould grow 
in that manner. By tearing off a finall piece of it, and looking on the 
ragged edge, I could among feveral of thofe fibres perceive fmall joints, 
that is, one of thofe hairs fplit into two, each of the fame bignefs with the 
other out of which they feem’d to grow, but having not lately had art 
opportunity of examining their manner of growth, I Cannot pofitively af¬ 
firm any thing of them. 

But to proceed. The fwelling of Sponges upon Wetting, and the riling 
of the Water in it above the furface of the Water that it touches, are 
both from the fame caufe, of which an account is already given in the 
fixth Obfervation. 

Thq fubftance of them indeed, has fo many excellent properties,fcatcd 
to be met with in any other body in the world, that I have often won¬ 
dered that fo little tile is made of it, and thofe onely vile and fordid 5 
certainly, if it were well confider’d, it would afford much greater cofi-* 
veniencies. 

That ufe which the Divers are laid to make of it, feeiris, if true, 
very ftrange, but having made trial of it my felf, by dipping a frtiall piece 
of it in very good Sallet-oyl,and putting it in my mouth,and then keep¬ 
ing my mouth and nofe under water,I could not find any fuch thing 5 for t 
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was as foon out of breath,as if I had had no Sponge,nor could I fetch my 
breath without taking in water at my mouth 5 but I am very apt to 
think, that were there a contrivance whereby the expir’d air might be 
forc’d to pafs through a wet or oyly Sponge before it were again inlpir’d, 
it might much cleanfe, and ftrain away from the Air divers fuliginous 
and other noifome fteams, and the dipping of it in certain liquors might, 
perhaps, lo renew that property in the Air which it lofes in the Lungs,by 
being breath’d, that one fquare foot of Air might laft a man for refpirati- 
on much longer, perhaps,then ten will now ferve him of common Air. 


Obferv. XXIII. Of the curious texture of Sea- weeds. 

F Or curiofity and beauty, I have not among all the Plants or Vege¬ 
tables I have yetobferv’d,leen any one comparable to this Sea-weed 
I have heredelcrib’d,of which I am able to fay very little more then what 
is reprefented by the fecond Figure of the ninth Scheme : Namely, that 
it is a Plant which grows upon the Rocks under the water, and increafes 
and fpreads it (elf into a great tuft, which is not onely handlbmely 
branch’d into feveral leaves, but the whole furface of the Plant is cover’d 
over with a moft curious kind of carv’d work, which confifts of a tex¬ 
ture much refembling a Honey-comb, for the whole furface on both fides 
is cover’d over with a multitude of very fmall holes,being no bigger then 
fo many holes made with the point of a lmall Pinn, and rang’d in the 
neateft and moft delicate order imaginable, they being plac’d in the man¬ 
ner of a guincunx , or very much like the rows of the eyes of a Fly, the 
rows or orders being very regular, which way Ibever they are obferv’d: 
what the texture was, as it appear’d through a pretty bigg Magnifying 
Aiicrofcope y I have here adjoin’d in the firft Figure of the 14. Scheme . 
which round Area A B C D reprelents a part of the furface about one 
eighth part of an Inch in Diameter: Thole little holes, which to the eye 
look’d round, like fo many little lpots, here appear’d very regularly 
ftiap’d holes, reprelenting almoft the (hape of the foie of a round toed 
Ihoe, the hinder part of which, is, as it were, trod on or cover'd by the 
toe of that next below it^thefe holes feem’d wall’d about with a very thin 
and tranfparent fubftance, looking of a pale ftraw-colour 5 from the edge 
of which, againft the middle of each hole, were fprouted out four fmall 
tranfparent ftraw-colour’d Thorns, which feem’d to protect and cover 
thole cavities, from either fide two 5 neer the root* of this Plant, were 
fprouted out leveral fmall branches of a kind of baftard Coralline , curi- 
oufly branch’d, though lmall. 

And to confirm this, having lately the opportunity of viewing the 
large Plant (if I may fo call it) of a Sponge petrify d, of which l made 
mention in the laft Obfervation, I found, that each of the Branches or 
Figures of it, did, by the range of its pores, exhibit juft fuch a texture, 
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the rows of pores crofiing one another* much after the manner as the 
rows of eyes do which are defcrib’d in the 26.Scheme 1 Cor alii fie alfo* and 
ieveral forts of white Coral , I have with a Microfcope obferv'd very cu- 
rioufly fhap’d. And I doubt not* but that he that fhall obferve thele 
feveral kinds of PJants that grow upon Rocks* which the Sea fome- 
times overflows* and thofe heaps of others which are vomited out of it Up¬ 
on the fhore, may find multitudes of little Plants* and other bodie&jWhich 
like this will afford very beautifull obje&s for the Microfcope 3 and this 
Specimen here is adjoin’d onely to excite their curiofities who have op¬ 
portunity of obferving to examine and colled what they find worthy 
their notice 5 for the Sea* among terreffrial bodies* is alfo a prolific 4 
mother* and affords as many Inftances of fiontaneous generations aS ei¬ 
ther the Air or Earth. 


. 


Obferv. XXIV. Ofthe furfaces ofRofcmary* and other leaves * 


His which is delineated within the circle of the fecond Figure of the 



I 14. Scheme 3 is a fmall part of the back or under fide of a leaf of 
Rofemary* which I did not therefore make choice o£ becaufe it had any 
thing peculiar which was not obfervable with a Alicrofcope in feversrf 
other Plants* but becaufe it exhibits at one view, 

Firft* a fmooth and (Inning furface* namely* A B, which is a part of the 
upper fide of the leaf* that by a kind of hem or doubling of the leaf ap¬ 
pears on this fide. There are multitudes of leaves* whofe furfaces are 
like this fmooth* and as it were quilted* which look like a curious quilted 
baggof green Silk* or like a Bladder* or fome fuch pliable transparent 
fubffance, full fluffed out with a green juice or liquor $ the forfaceof 
Rue* or Herbgrafs* is polifh’d, and all over indented, or pitted* like the 
Silk-worms Egg* which I fhall anon deferibe 5 the fmooth furfaces of other 
Plants are otherwife quilted* Nature in this* as it were* exprefling her 
Needle-work, or imbroidery. 

Next a downy or bufhy furface, (uch as is all the under fide almoff^ 
appearing through the Microfcope much like a thicket of bufhes* and with 
this kind of Down or Hair the leaves and ftalks of multitudes of Vege¬ 
tables are covered 5 and there feems to be as great a variety in the fhape* 
bulk* and manner of the growing of thefe fecundary Plants* as I may call 
them (they being* as it were, a Plant growing out of a Plant, or fome- 
what like the hairs of Animals) as there is to be found amengft (mail 
fhrubs that compofe bufhes 5 but for the moft part* they confift of final! 
tranfparent parts* fome of which grow in the fhape of (mail Needles or 
Bodkins*as on the Thiftle*Cowag-ecod and Nettle 5 others in the form of 
Cats claws*as in Gliders, the beards of Barley* the edges of feveral forte 
of Grafs and Reeds* &c. in other*as Coltsfoot*Rofe-campion* Aps* Poplar* 
Willow* and almoff all other downy Plants, they grow in the form of 
bufhes very much diverfify’d in each particular Plant* That which I have 
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before in the 19. Obfervation noted on Rofe-leaves, is of a quite differ¬ 
ing kind, and Teems indeed areal Vegetable, diftinft from the leaf. 

Thirdly, among thefe (mall bufhesare obfervable an infinite company 
of fmall round Balls, exadtly Globular, and very much refembling Pearls, 
namely, C C C C, of thefe there may be multitudes obferv’d in Sage, 
and feveral other Plants, which I fuppofe was the reafon why Athanafius 
Kircher fuppofed them to be all cover’d with Spiders Eggs, or young 
Spiders, which indeed is nothing elfe but fbme kind of gummous exfo- 
dation,which is always much of the fame bignefs. At firft fight of thefe,! 
confefs, I imagin’d that they might have been fome kind of matrices,” or 
nourifhing receptacles for fome fmall Infed, juft as I have found Oak- 
apples, and multitudes of foch other large excrefcencies on the leaves 
and other parts of Trees and fhrubs to be for Flyes, and divers other In¬ 
fers, but obferving them to be there all the year, and fcarce at all to 
change their magnitude, that conjediure feem’d not fo probable. But 
what ever be the ufe of it, it affords a very pleafant objedt through the 
Microfiope , and may, perhaps, upon further examination, prove very 
luciferous. 


Obferv. XXV. Of the flinging points and juice of Nettles, and 
fome other venomous Plants. 

A Nettle is a Plant fo well known to every one,as to what the appear¬ 
ance of it is to the naked eye,that it needs no defeription^and there 
are very few that have not felt as well as feen it 3 and therefore it will be 
no news to tell that a gentle and flight touch of the fkin by a Nettle,does 
oftentime, not onely create very fenfible and acute pain, much like that 
of a burn or foald,but often alfo very angry and hard fweliings and infla- 
mations of the parts, foch as will prefently rife, and continue fwoln di¬ 
vers hours. Thefe obfervations, I fay, are common enough3 but how the 
pain is fo foddenly created, and by what means continued, augmented 
for a time, and afterwards diminifh’d, and at length quite exftinguifh’d, 
has not, that I know, been explain’d by any. 

And here we muft have recourfe to our Microfcope , and that will, if 
almoft any part of the Plant be looked on, fhew us the whole forface of 
it ycry thick fet with turn-Pikes, or fharp Needles, of the fhape of thole 
reprefented in the 15. Scheme and firft Figure by A B, which are vifible 
alfo to the naked eye 3 each of which confiftsof two parts very diftindt 
for fhape.and differing alfo in quality from one another. For the part A, 
is fhaped very much like a round Bodkin,from B tapering till it end in a 
very fharp point 3 it is of a fubftance very hard and ftif^ exceedingly 
tranfparent and cleer, and, as I by many trials certainly found, is hollow 
from top to bottom. 

This I found by this Experiment, 1 had a very coavenient Micro - 
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fcope with a fingle Glafs which drew about half an Jncffthis I had faftned 
into a little frame, almoft like a pair of Spe&acles, which I placed before 
mine eyes, and fo holding the leaf of a Nettle at a convenient diftance 
from my eye, I did fird,with the thruiling of feveral of thefe bridles into 
my (kin, perceive that prefently after I had thruft them in I felt the burm* 
ing pain beginy next I obferv d in divers of them, that upon thruftjng 
my finger againft their tops, the Bodkin (if I may fo call it) did not in 
the lead bend, but I could perceive moving up and down within it a cer-* 
tain liquor, which upon thrufiing the Bodkin againft its bafis, or bagg B, 

I could perceive to rife towards the top, and upon taking away my hand, 
I could fee it again fubfide, and (brink into the bagg} this I did very 
often, and faw this Vh#nomtnon as plain as I could ever fee a parcel of 
water afcend and defcend ina pipe of Glafs. But the bafis underneath thele 
Bodkins on which they were fad, were made of a more pliable fubftance, 
and looked almoft like a little bagg of green Leather, or rather refem* 
bled the fhape and furface of a wilde Cucumber, or cucutneris ajinitti 9 
and I could plainly perceive them to be certain little baggs, bladders,or 
receptacles full of water, or as I ghefs, the liquor of the Plant, which was 
poifonous, and thofe fmall Bodkins were but the Syringe-pipes, or Gly* 
fter-pipes, which fird made way into the (kin, and then ferved to convey 
that poifonous juice,upon the prefling of thofe little baggs, into the im* 
terior and fenfible parts of the (kin,which being fo difcharg’d, does cor* 
rode, or, as it were, burn that part of the (kin it touches 5 and this pain 
will fometimes lad very long, according as the imprefiion is made deeper 
or dronger. 

The other parts of the leaf or furface of the Nettle, have very little 
confiderable, but what is common to mod of thefe kinds of Plants, as the 
ruggednels or indenting, and hairinefi, and other roughnefles of the for* 
face or out-fide of the Plant, of which I may fay more in another place. 
As I (hall likewife of certain little pretty cleer Balls or Apples which f 
have obferved to dick to the fides of thefe leaves, both on the upper and 
under fide, very much like the fmall Apples which I have often obferv’d 
to grow on the leaves of an Oak call'd Oak-apples which are nothing but 
the Matrices of an Infefr, as I elfewhere (hew. 

The chief thing therefore is, how this Plant comes,by fo (light a touch, 
to create fo great a pain$and the reafon of this feems to be nothing elfe,but 
the corrofive penetrant liquor contain’d in the fmall baggs or bladders, 
upon which grow out thole (harp Syringe-pipes, as I before noted 5 and 
very confonant to this, is the reafon of the pain created by the ding of a 
Bee, Wafp, &c. as I elfewhere (hew; For by the Dart, which is likewife a 
pipe, is made a deep paflage into the (kin, and then by the anger of the 
Fly, is his gaily poifonous liquor in jcfted $ which being admitted among 
the fenfible parts, and fo mix’d with the humours or fiagnatwg juices of 
that part, does create an Ebullition perhaps, or effervefcens^s isufoally 
obferv’d in the mingling of two differing Chymical faline liquors, by 
which means the parts become fwelf d, hard, and very painfull, for 
thereby the nervous and fenfible parts are not ondy ftretch’dand drain’d 
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beyond their natural tone , but are alfo prick’d, perhaps, or corroded by 
the pungent and incongruous pores of the intruded liquor. 

And this feems to be the reafon, why Aqua forth , and other faline li- 
quors^ if they come to touch the fenfitive parts, as in a cut of the fkin, 
or the like, do fo violently and intollerably excruciate and torment the 
Patient. And ns not unlikely, but the Inventors of that Diabolical pra- 
diice of poifoning the points of Arrows and Ponyards, might receive 
their firfthint from fome fuch Inftance in natural contrivances, as this of 
the Nettle: for the ground why fuch poifon’d weapons kill lb infallibly 
as they do, feems no other then this of our Nettle’s ftinging 5 for the Pon- 
yard or Dart makes a paflage or entrance into the fenfitive or vital parts 
of the body, whereby the contagious lubftance comes to be diflblv’d by, 
and mix’d with the fluid parts or humours of the body,and by that means 
forcads it (elf by degrees into the whole liquid part of the body, in the 
lame manner, as a few grains of Salt,put into a great quantity of Water, 
will by degrees diffufe it felf over the whole. 

And this I take to be the realbn of killing of Toads, Frogs, Efis, and 
leveral Filhes, by ftrewing Salt on their backs (which Experiment was 
(hewn to the Royal Society by a very ingenious Gentleman, and a worthy 
Member of it) for thofe creatures having always a continual exliidation, 
as it were,ofllimy and watry parts,fweating out of the pores of their Ikin, 
the faline particles, by that means obtain a vehicle > which conveys them in¬ 
to the internal and vital parts of the body. 

This feems allb to be the realbn why bathing in Mineral waters are 
fuch lbveraign remedies for multitudes of diftempers,efpccially chronica 1$ 
for the liquid 8c warm vehicles of the Mineral particles,which are known 
to be in very confiderable quantities in thofe healing baths,by the body’s 
long ftay in them, do by degrees fteep and infinuate themlelves into the 
pores and parts of the lkin,and thereby thofe Mineral particles have their 
ways and paflages open’d to penetrate into the inner parts, and mingle 
themfelves with th efiagnant juices of the feveral parts , befides,many of 
thole offenfive parts which were united with thole Jlagnant juices, and 
which were contrary to the natural conftitution of the parts, and fo be¬ 
come irklome and painfull to the body,but could not be dilcharged, be- 
caufe Nature had made no provifion for fuch accidental mifehiefs, are, by 
means of this Ibaking, and filling the pores of the lkin with a liquor, aT 
forded a paflage through that liquor that fills the pores into the am¬ 
bient fluid, and thereby the body comes to be dilcharged. 

So that tis very evident,there may be a good as well as an evil applica¬ 
tion of this Principle. And the ingenious Invention of that Excellent 
perfon, Do&or Wren , of injefting liquors into the veins of an Animal, 
feems to be reducible to this head: I cannot ftay, nor is this a fit place, to 
mention the feveral Experiments made of this kind by the moft incom¬ 
parable Mr. Boyle , the multitudes made by the lately mention’d Phyjician 
Do&or Clar 4 , the Hiftory whereof, as he has been pleas’d to commu¬ 
nicate to the Royal Society , lb he may perhaps be prevail’d with to make 
publique himlelf: But I (hall rather hint, that certainly, if this Principle 
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were well confider’d,there might, befides the further improving of Bath¬ 
ing and Syringing into the veins, bethought on feveral ways, whereby 
feveral obftinate diftempers of a humane body,luch as the Gout,Droplic, 
Stone, &c, might bemaflcr’d, andexpell’d; and good men might make 
as good a ufe of it, as evil men have made a perverfe and Diabolical. 

And that the filling of the pores of the (kin with fbrne fluid vehicle , is 
of no fmall efficacy towards the preparing a paflage for leveral kinds of 
penetrant juices, and other dilioluble bodies, to infinuate themfelves 
within the Ikin, and into the (cnfitive parts of the body, may be, i think, 
prov’d by an Infiance given us by Eellonius , in the 26. chapter of the 
fecond Book of his Obfervations , which containing a very remarkable 
Story I have here tranfcrib’d : Cum chamjeleonk nigri radices (fays he) 
apud Pagum quondam Livadochorio nuncupatum end curaremus , plurimi 
Gr&ci & Turcte fpettatum venerunt quid erucremtts , eas vero frujlulatimfe- 
cabamus , & filo trajiciebamus tit facility exfccari pojjent. Inrae in eo ne- 
gotio occupatos nos videntes , jinn liter cos radices tr attar e & fecare volke- 
runt: at cum fummty ejfet aft vs, & omnes fudore maderent , quicunque 
earn radicem manibus tract aver antfudere mque abjlerfetant , aut faciem di¬ 
git! sfialpjer ant , t ant am pruriginem iis leek quos attigerant pojlea fenjemnt , 
ut adun viderentur . Chanuekoms enim nigri radix ea virtute pollet . ut cu* 
ti apphcata ipfam adeo injiammet , ut nee fquil/ee , nee urticee ullce centefmd 
parte it a adurent: At prurigo non adeo celeriter feje prodit . Pcjl unam ant al¬ 
teram porro horam , (inguh variis faciei locis cutem adeo inflammatam ha* 
here aepimus ut tot a Janguinea videretur , atque quo magis earn confricaba- 
musjanto magis excitabatur prurigo . Fonti ajjidebamusfubplatano^atque ini- 
tio pro ludicro habebamus & ridebamus : at tandem illi plurimum indignati 
junt , & niji ajjeverajjemus nunquam expert os tali virtute earn p lant ampo Here , 
baud dubie male nos multajjcnt . Attamen nojlra excujdtio fuit ab illk facili¬ 
ty accepta^cum eodem incommodo nos affettos conjpicerent. Mirum fane quod 
in tantillo radice tarn ingentem ejfvaciam nojiro malo expertijnmus. 

By which obfervation of his,it leems manifeft,that their being all cover’d 
with fweat who gather’d and cut this root of the black Chameleon Thiftle, 
was the great reafon why they luffer’d that inconvenience, for it leems the 
like circumftance had not been before that noted, nor do I find any men¬ 
tion of fuch a property belonging to this Vegetable in any oftheHer- 
bals I have at prelent by me. 

I could give very many Obfervations which I have made of this kind, 
whereby I have found that the bell way to get a body to be infinuated 
into the lubftance or inlenfible pores of another, is ftrfl, to find a fluid 
vehicle that has Ibme congruity,both to the body to be infinuated,and to 
the body into whole pores you would have the other convey’d. And iti 
this Principle lies the great myftery of ftaining feveral forts of bodies, as 
Marble, Woods, Bones, &c. and of Dying Silks, Cloaths, Wools, Fea¬ 
thers, &c. But thefe being digrefiions, I fhall proceed to : 

Obferv. XXVI. OfComgc^tnd the itching operation if fame bodies, 

"‘I ’Hcre is a certain Down of a Plant,brought from the Eajl-IndiesjzzM’d 
\ commonly, though very improperly, Cow-itch , the reafon of which 
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miftake ismanifeft enough from the defcription of it,which Mr. Parkjnfen 
lets down in his Herbal , Tribe XI. Chap. 2. Phajiolusfiliqua hirfuta 3 The 
hairy Kidney-bean, called in Zurratte where it groves, Couhage: IVe have had 
(lays he) another of this kind brought us out of the Eaft-Indies, which being 
plantedwas in Jhew like the former , but came not to perfection, the unkindly 
feafon not fujfering it to fhew the flower 3 but of the Cods that were brought , 
fame were Jmalter, jhorter, and rounder then the Garden kind 5 others much 
longer, and many growing together , as it were in cluflers^and cover'd all over 
with a brown floor t hairinefl,fo fine, that if any of it be rubbd, or fall on the 
back^ of ones hand, or other tender parts of the skin, it will caufe a kind of 
itching, but notftrong, nor long induring, but paifing quickly away, without 
either danger or harm 3 the Beans were fmaller then ordinary, and of a black, 
Jhining colour. 

Having one of thefe Cods given me by a Sea-Captain, who had fre¬ 
quented thole parts, I found it to be a fmall Cod, about three Inches 
long, much like a Ihort Cod of French Beans, which had fix Beans in it, 
the whole lurface of it was cover’d over with a very thick and (hining 
brown Down or Hair, which was very fine, and for its bignefs ftiff3 
taking fome of this Down, and rubbing it on the back of my hand, 1 
found very little or no trouble, only I was fenfible that feveral of thefe 
little downy parts with rubbing did penetrate, and were funk, or ftuck 
pretty deep into my Ikin. After I had thus rubb’d it for a pretty while* 
I felt very little or no pain, in lb much that I doubted, whether it were 
the true Couhage 3 but whil’ft I was confidering, I found the Down begin 
to make my hand itch, and in fome places to fmart again, much like the 
fringing of a Flea or Gnat, and this continued a pretty while, lo that by 
degrees I found my lkin to be fwell’d with little red puftules, and to 
look as if it had been itchie. But differing it without rubbing or feratch- 
ing, the itching tickling pain quickly grew languid, and within an hour 
I felt nothing at all, and the little protuberancies were vanifh’d. 

The caufe of which odd Phenomenon, I feppofe to be much the feme 
with that of the fringing of a Nettle, for by the Microfcope , I difeover’d 
this Down to confift of a multitude of lmall and (lender conical bodies, 
much refembling Needles or Bodkins, fuch as are reprefented by A B. 
CD. E F. of the firft Figure of the XVI. Scheme 3 that their ends AAA, 
were very fharp, and the lubftance of them ftiff and hard, much like the 
fubftance of feveral kinds of Thorns and crooks growing on Trees. And 
though they appear’d very cleer and tranfparent, yet I could not per¬ 
ceive whether they were hollow or not, but to me they appear’d 
like (olid tranfparent bodies, without any cavity in them 3 whether, 
though they might not be a kind of Cane, fill’d with fome tranfpa¬ 
rent liquor which was hardned (becaufe the Cod which I had was very 
dry) I was not able to examine. 

Now, being luch ftiff^ fharp bodies, it is eafie to conceive, how with 
rubbing they might eafily be thruft into the tender parts of the skin,and 
there, by reafbn of their exceeding finenefs and drinefs, not create any 
confiderable trouble or pain, till by remaining in thofe places moiftned 
with the humours of the body, fome cauftick part flicking on them, or 
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redding within them might be diilolv’d and mix’d with the ambient juiced 
of that place, and thereby thofe fibres and tender parts’ adjoyning be¬ 
come afFeded, and as it were corroded by it 5 whence, while that acti¬ 
on lads, the pains created are pretty (harp and pungent, though fmall, 
which is the eflential property of an itching one; 

That the pain ahb caufed by the dinging of a Flea, a Gnat, a Flie, a 
Wafp,and the like, proceeds much from the very fame caufe, I elfewhere 
in their proper places endeavour to manifed. The dinging alfo of fhred 
Horf hair, which in meriment is often ftrew’d between the Iheets of a Bed;, 
feems to proceed from the lame caule* 


Obferv. XXVII. Of the Beard of a wilde Oat, and the ufe that 
may he made of it for exhibiting always to the Eye the temperature 
cf the Air , as todrinefi and rnoijlure * 

iP T’His Beard of a wild Oat> is a body of a very curious dru&ure,though 
* to the naked Eye it appears very (light, and inconliderable, it being 
only afmaJl black or brown Beard or Bridle,which grows out ofthe fide 
of the inner Husk that covers the Grain of a wild Oat-, the whole length of 
it,when put in Water, fo that it may extend it felf to its full length,is not 
above an Inch and a half,andfor the mod part fomewhat lhorter,but when 
the Grain is ripe, and very dry, which is ufualy in the Moneths of j }uly± 
and Augufi , this Beard is bent fomewhat below the middle, namely,about 
* from the bottom of it, almod to a right Angle, and the under part of 
it is wreath’d lik a With} the fubdance of it is very brittle when dry, and 
it will very eafily be broken from the husk on which it grows* 

If you take one of thefe Grains, and wet the Beard in Water,you will 
prefently fee the Imall bended top to turn and move round, as if it were 
fenlible, and by degrees, if it be continued wet enough, the joint or knee 
will dreighten it felf:, and if it be fuffer’d to dry again, it will by degrees 
move round another way, and at length bend again into its former 
podure. 

If it be view’d with an ordinary fingle Microfcope, it 'will appear like 
a (mail wreath’d Sprig, with two clefts $ and if wet as before, and 
then look'd on with this Microfiope , it will appear to unwreath it felf” 
and by degrees,to dreighten its knee, and the two clefts will become 
dreight, and almod on oppofite fides of the Imall cylindrical body. 

If it be continued to be look’d a little longer with a Microfcope , it 
will within a little while begin to Wreath it felf again, and foon after 
return to its former podure, bending it felf again neer the middle, into 
a kind of knee or angle. 

Several of thole bodies I examin’d with larger Microficopes , and there 
found them much of the make of thole two long wreath’d cylinders de¬ 
lineated in the lecond Figure of the 15. Scheme , which two cylinders re- 
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prefent the wreathed part broken into two pieces,whereof the end A B is 
to be (iippos’d to have join’d to the end C D, fo that E A C F does repre- 
fent the whole wreath’d part of the Beard, and E G a linall piece of the 
upper part of the Beard which is beyond the knee, which as I had not 
room to infert, fo was it not very confiderable, either for its form,or any 
known property } but the under or wreathed part is notable for both: 
As to its form, it appear’d, if it were look’d on fide-ways, almoftlikea 
Willow, or a fmall tapering rod of Hazel , the lower or bigger half of 
which onely, is twifted round leveral times,in fome three, in others more, 
in others left, according to the bigneft and maturity of the Grain on 
which it grew, and according to the drinefs and moifture of the ambient 
Air, as I (hall (hew more at large by and by. 

The whole outward Superficies of this Cylindrical body is curioufly 
adorned or fiuted with little channels, and interjacent ridges, or little 
protuberances between them, which run the whole length of the Beard, 
and are (height where the Beard is not twifted,and wreath’d where it is, 
juft after the fame manner: each of thole (ides is befet pretty thick with 
fmall Brilles or Thorns, (omewhat in form refembling that of Porcupines 
Quills, fuch as a a a a a in the Figure 5 all whofe points are dire&ed like 
(b many Turn-pikes towards the fmall end or top of the Beard, which is 
the reafon, why, if you endeavour to draw the Beard between your fin¬ 
gers the contrary way, you will find it to (tick, and grate, as it were, 
againft the (kin. 

The proportion of thefe fmall conical bodies a a a a a to that whereon 
they grow, the Figure will diffidently (hew, as alfo their manner ofgrow- 
ing,their thicknefs, and neerneft to each other, as, that towards the root 
or bottom of the Beard, they are more thin, and much (horter,in(omuch 
that there is udially left between the top of the one, and the bottom of 
that next above it, more then the length of one of them, and that to¬ 
wards the top of the Beard they grow more thick and clofe (though 
there be fewer ridges) (o that the root, and almoft half the upper are 
hid by the tops of thole next below them. 

I could not perceive any tranfverfe pores, unlefs the whole wreath’d 
part were feparated and cleft,in thofe little channels,by the wreathing in¬ 
to fo many little firings as there were ridges, which was very difficult to 
determine^ but there were in the wreathed part two very confpicuous 
channels or clefts, which were continued from the bottom F to the el¬ 
bow E H, or all along the part which was wreath’d, which feem’d to di¬ 
vide the wreath’d Cylinder into two parts, a bigger and a lefs} the bigger 
was that which was at the convex fide of the knee, namely, on the fide A, 
and was wreath’d by OOOOO5 this, as it leem'd the broader, (o 
did it alfo the longer, the other P P P P P, which was ufually purs’d or 
wrinckled in the bending of the knee.as about E, feem’d both the (horter 
and narrower, fo that at firft I thought the wreathing and unwreathing 
of the Beard might have been caus’d by the fhrinking or fwelling of that 
part} but upon further examination,! found that the clefts, K K, L L,were 
ftuft up with a kind of Spongie (ubftance, which, for the moft part, was 
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very confpicuous neer the knee, as in the cleft K K, when the Beard was 
dry 5 upon the difcovery of which. I began to think, that it was upon the 
fwelling of this porous pith upon the accefs ofmoifture or water that the 
Beard,being made longer in the midft,was ftreightned,and by thelhrink- 
ing or lubfiding of the parts of that Spongie fubftance together, when 
the water or moifture was exhal’d or dried, the pith or middle parts 
growing Ihorter, the whole became twilled. 

But this I cannot be politive in, for upon cutting the wreath’d part in 
many places tranfverlly, I was not fo well fatisfy’d with thefhapeand 
manner of the pores of the pith $ for looking on thefe tranfverle Sections 
with a very good Afzcrofeope , [ found that the ends of thole tranf- 
verfe Seftions appear’d much of the manner of the third Figure of the 
15. Scheme ABCFE, and the middle or pith CC,feem’d very full of 
pores indeed, but all of them item’d to run the long-ways. 

1 his Figure plainly enough (hews in what manner thole clefts, K and L 
divided the wreath’d Cylinder into two unequal parts, and alfo of what 
kind of fubftance the whole body conlifts$ for by cutting the fame Beard 
in many places, with tranlverfe Se&ions, I found much the lame ap- 
pearance with this exprefs’d 5 lo that thole pores leem to run, as in moft 
other fuch Cany bodies, the whole length of it. 

The clefts of this body K K, and L L, Teem’d (as is alio exprefs’d in 
the Figure) to wind very oddly in the inner part of the wreath 5 and 
in fome parts of them, they Teem’d Huffed, as it were,with that Spongie 
fubftance, which I juffnow deferibed. 

This To oddly conftituted Vegetable fubftance, is firft (fhat I have 
met with) taken notice of by Baptijla Porta, in his Natural Magic 4 , as a 
thing known to children and Juglers, and it has been call’d by Tome of 
thole laft named perfons, the better to cover their cheat, the Legg of an 
Arabian Spider, or the Legg of an inchanted Egyptian Fly, and has been 
ufed by them to make a fmall Index, Crols, or the like, to move round 
upon the wetting of it with a drop of Water, and muttering certain 
words. 

But the ufe that has been made of it, for the difcovery of the various 
conftitutions of the Air, as to drinefi and moiftnefs, is incomparably 
beyond any other 5 for this it does to admiration: The manner of con¬ 
triving it lb, as to perform this great eft'ed, is oncly thus : 

Provide a good large Box of Ivory, about four Inches over, and of 
what depth you fha.ll judge convenient (according to your intention 
of making ufe of one, two,three,or more of thefe fmall Beards,ordered in 
the manner which I lhall by and by delcribe)let all the fides of this Box be 
turned of Balket-work (which here in London is ealily enough procur’d) 
full of holes,in the manner almoft of a Lettice, the bigger, or more the 
holes are,the better^hat To the Air may have the more free paflage to the 
inclofed Beard,and may the more eafily pafs through the Inftrument 5 it 
will be better yet,though not altogether To handfom,if infteed of the Baf* 
ket-work on the fides of the Box^the bottom and top of the Box be join’d 
together onely with three or four fmall Pillars, after the manner repre- 
< , fented 
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Tented in the 4«Figure of the 15. Scheme, Or,if you intend to make ufe of 
many ofthefe fmall Beards joind together, you may have a fmall long 
Cafe of Ivory, whofe fides are turn’d of Bafket-work, full of holes, which 
may be fcrew’d on to the underfide of a broad Plate of Ivory,on the other 
fide of which is to be made the divided Ring or Circle, to which divifi- 
ons the pointing of the Hand or Index, which is moved by the conjoin'd 
Beard, may (hew all the Minute variations of the Air. 

There may be multitudes of other ways for contriving this fmall Inftru- 
ment, fb as to produce this effeft, which any one may, according to his 
peculiar ufe, and the exigency of his prefent occafion, eafily enough con¬ 
trive and take, on which I (hall not therefore infift. The whole manner of 
making any one of them is thus: Having your Box or frame A A B B, fitly 
adapted for the free paflage of the Air through it,in the mid ft of the bot¬ 
tom B B B, you mufthave a very fmall hole C, into which the lower end of 
the Beard is to be fi’xd,the upper end of which Beard a I? As to pals through 
a fmall hole of a Plate, or top A A, if you make ufe onely of a fingle one, 
and on the top of it e, is to be fix’d a fmall and very light Index fg^ made 
of a very thin f liver of a Reed or Cane 5 but if you make ufe of two or 
more Beards, they muft be fix'd and bound together, either with a very 
fine piece of Silk, or with a very fmall touch of hard Wax, or Glew, which 
is better, and the Index fg> is to be fix’d on the top of the fecond,third, 
or fourth in the fame manner as on the fingle one. 

Now, becaufe that in every of thefe contrivances, the Index fg 3 will 
with fome temperatures of Air, move two, three, or more times round, 
which without fbme other contrivance then this,will be difficult to diftin- 
guifh,therefore I thought of this Expedient: The Index or Handfg , be¬ 
ing rais’d a pretty way above the furface of the Plate A A, fix in at a 
little diftance from the middle of it a fmall Pin fb as almoft to touch 
the furface of the Plate A A, and then in any convenient place of the 
furface of the Plate,fix a fmall Pin, on which put on a fmall piece of Paper, 
or thin Paft-board, Vellom, or Parchment, made of a convenient cize, 
and fhap’d in the manner of that in the Figure exprefs’d by i 4 , fb 
that having a convenient number of teeth every turn or return of the 
Pin />, may move this fmall indented Circle, a tooth forward or back¬ 
wards, by which means the teeth of the Circle, being mark’d, it will be 
thereby very eafie to know certainly, how much variation any change 
of weather will make upon the fmall wreath’d body. In the making of 
this Secundary Circle of Vellom, or the like, great care is to be had, that 
it be made exceeding light, and to move very eafily, for otherwife a fmall 
variation will fpoil the whole operation. The Box may be made ofBrafs, 
Silver, Iron, or any other fubftance, if care be taken to make it open 
enough, to let the Air have a fufficiently free accefs to the Beard. The 
Index alfb may be various ways contrived, fo as to fhew both the number 
of the revolutions it makes, and the Minute divifions of each revolution. 

I have made feveral trials and Inftruments for difeovering the drinefs 
and moifture of the Air with this little wreath’d body,and find it to vary 
exceeding fenfibly with the leaft change in the conftitution of the Air, as 
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todrinefs and moifture, fo that with one breathing upon it, I have made* 
it untwift a whole bout, and the Index or Hand has Ihew’d or pointed td 
various divifions on the upper Face or Ring of the Inftrument, according 
as it was carried neerer and neerer to the fire, or as the heat of the Sun 
increafed upon it. 

Other trials I have made with Gut*ftrings,but find them nothing neer 
fo fenfible, though they alfo may be fo contriv’d as to exhibit the 
changes of the Air, as to drinels and moifture, both by their ftretching 
andihrinking in length, and alfo by their wreathing and unwreathing 
themlelves 5 but thefe are nothing neer fo exaCt or fo tender,for their va- 
rying property will in a little time change very much. But there are fe- 
veral other Vegetable fubftances that are much more fenfible then even 
this Beard of a wilde Oat 5 Rich I have found the Beard of the feed of 
Mufk-grafs, or Geranium mofehatum , and thole of other kinds of Cranes - . 
btl feeds, and the like. But always the fmaller the wreathing fubftance 
be, the more fenfible is it of the mutations of the Air, a conjecture at 
the realon of which I fhall by and by add. 

The lower end of this wreath’d Cylinder being (tuck upright in a little 
loft Wax, fo that the bended part or Index of it lay horizontal , I have 
obferv’d it always’with moifture to unwreath it felf from the Eaft (For 
inftance)by the South to the Wdl,and lo by the North to the Eaft again, 
moving wirh the Sun (as we commonly lay) and with heat and drouth 
tore-twift, and wreath it felf the contrary way, namely, from the Eafl:^ 

(for ihftance) by the North to the Weft, and lo onwards. 

The caufe of all which Ph^nomena^ feems to be the differing texture 
of the parts of thefe bodies, each of them (elpecially the Beard of a wilde 
Oat , and of Moskrgrafs feed ) feeming to have two kind of fubftances,one 
that is very porous.loofe,and lpongie,into which the watry fteams of the 
Air may be very eafily forced^which will be thereby fwell’d and extend- 
edin its dimenlions, juft as we may obferve all kind of Vegetable fub¬ 
ftance upon fteeping in water to Iwell and grow bigger and longer. And a 
fecond that is more hard and clofe,into which the water can very littfe,ori 
not at all penetrate, this therefore retaining always very neer the fame 
dimenlions, and the other ftretching and (hrinking, according as there 
is more or lefs moifture or water in its pores, by realon of the make and 
Ihape of the parts, the whole body muft neceflarily unwreath a!nd 
wreath it felf .V ar; 

And upon this Principle, it is very eafie to make feveral Ibrts ofcon^ 
trivances that Ihould thus wreath and un wreath themlelves, either by 
heat and cold, or by drinefs and moifture, or by any greater or lefs force, 
from whatever caufe it proceed, whether from gravity or weight, od 
from wind which is motion of the Air, or from fome lpringing body,: 
or the like* , . ? .0 

This, had I time, I Ihould enlarge much more upon 5 for it feems to mp . 
to be the very firft footftep of Senfation , and Animate motion, the moft? 
plain,fimple,and obvious contrivance that Nature has made ufe of to pro^i 
duce a motion, next to that of Rarefa&ion and Condenfation by heat 
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and cold. And were this Principle very well examin’d, I am very apt to 
think, it would afford us a very great help to find out the Mechanifm 
of the Mufcles, which indeed,as farr as I have hitherto been able to ex¬ 
amine, feems to me not (o very perplex as one might imagine,e(pecially 
upon the examination which I made of the Mufcles of Crab^Lobjters^ and 
feveral forts of large Shell-fi(h,and comparing my Obfervations on them, 
with the circumftances I obferv’d in the mufcles of terreftrial Animals. 

Now, as in this Inftance of the Beard of a wilde Oat , we fee there is 
nothing elfe requifite to make it wreath and unwreath it fel£ and to 
ftreighten and bend its knee, then onely a little breath of moift or dry 
Air, or a (mail atome almoft of water or liquor, and a little heat to make 
it again evaporates for, by holding this Beard, plac’d and fix’d as I be* 
fore direded, neer a Fire, and dipping the tip of a (mall (hred of Paper 
in well redlify’d (pirit of Wine, and then touching the wreath’d Cylin¬ 
drical part,you may perceive it to untwift it felf 5 and prefently again,up- 
on the avolation of the fpirit, by the great heat, it will re-twift it (elf, 
and thus will it move forward and backwards as oft as you repeat the 
touching it with the fpirit of Wine, (b may, perhaps, the (hrinking and 
relaxing of the mufcles be by the influx and evaporation of fome kind 
of liquor or juice. But of this Enquiry I (hall add more ellewhere. 


Gbfcrv. XXVIII, Of the Seeds of Venus lookjng-glaJl 7 or Corn 
Violet. 

F Rom the Leaves, and Downs, and Beards of Plants,we come at Jaft to 
the Seeds 5 and here indeed feems to be the Cabinet of Nature,whcre- 
in are laid up its Jewels. The providence of Nature about Vegetables,is in 
no part manifefted more,thcn in the various contrivances about the feed, 
nor indeed is there in any part of the Vegetable (o curious carvings, and 
bcautifull adornments, as about the feed 5 this in the larger forts of feeds 
is moft evident to the eye $ nor is it left manifeft through the Microfeope, 
inthofe feeds whofe (hape and ftru&ure, by reafbn of their (malneft, the 
eye is hardly able to diftinguifh. 

Of thefe there are multitudes, many of which I have obferv’d through 
a Microfcope , and find, that they do, for the moft part, every one afford 
exceeding plealant and beautifull objects. For befides thole that have 
various kinds of carv’d furfaces, there are other that have fmooth and 
perfectly polifh’d furfaces, others a downy hairy fur face 5 fome are 
cover’d onely with a (kin, others with a kind of (hell, others with both, 
as is obfervable alfo in greater feeds. 

Of thefe feeds I have onely deferibed four forts which may ferve as a 
Specimen of what the inquifitive obfervers are likely to find among the 
reft* The firft of thefe feeds which are deferibed in the 17. scheme , are 
thofe of Corn-Violets, the feed is very fmall, black, and (hiiiing, and, to 
the naked eye, looks almoft like a very fmall Flea 5 But through the 
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Mic rofeope , it appears a large body, cover’d with a tough thick and bright 
reflecting lkin very irregularly fhrunk and pitted, infbmuch that itisal- 
moft an impofiibility to find two of them wrinkled alike, fo great a va¬ 
riety may there be even in this little feed. 

p This, though it appear’d one of the moft promifing feeds for beauty to 
the naked eye,yet through the Microfcope it appear’d but a rude mifhapen 
feed, which I therefore drew, that I might thereby manifeft how unable 
we are by the naked eye to judge of beauteous or left curious microfcopi - 
cal Objects 5 cutting fome of them in funder, I obferv’d them to be fill’d 
with a greenifh yellow pulp, and to have a very thick hulk, in propor¬ 
tion to the pulpi 


Oblerv. XXIX. Of the Seedscf Tyme. 

T Hefe pretty fruits here reprefented, in the 1 8 . Scheme^ are nothing 
elfe,but nine feveral feeds of Tyme 3 they are all of them in differ¬ 
ing pofiure,both as to the eye and the light 3 nor are they all of them ex¬ 
actly of the fame fhape, there being a great variety both in the bulk and 
figure of each feed 5 but they all agreed in this,that being look’d on with 
a Microfcope , they each of them exa&ly refembled a Lemmon or Orange 
dry’d 3 and this both in fhape and colour. Some of them are a little 
rounder, of the fhape of an Orange, as A and B, they have each of 
them a very confpicuous part by which they were join’d to their little 
ftalk,and one of them had a little piece of ftalk remaining on 3 the oppo- 
fite fide of the feed, you may perceive very plainly by the Figure,is very 
copped and prominent, as is very ufual in Lemmons, which prominencies 
are exprefs’d in D, E and F. 

They feem’d each of them a little creas’d Or wrinckled, but E was 
very confpicuoufly furrow’d, as if the inward make of this feed had been 
fbmewhat like that of a Lemmon alfo, but upon dividing feveral feeds 
with a very fharp Pen-knife, and examining them afterward, I found 
their make to be in nothing but bulk differing from that of Peas,that is,to 
have a pretty thick coat,and all the reft an indifferent white pulp, which 
feem’d Very clofe 5 fo that it feems Nature does not Very much alter her 
method in the manner of inclofing and preferving the vital Principle in 
the feed, in thefe very finall grains, from that of Beans, Peas, e^c. 

The Grain affords a very pretty Object for the Microfcope , namely, a 
Difhof Lemmons plac’d in a very little room 3 fhould a Lemmon or Nut 
be proportionably magnify’d to what this feed of Tyme is,it would make 
it appear as bigg as a large Hay-reek.and it would be no great wonder to 
fee Homers Iliads , and Homer and all, cramm’d into fuch a Nut-fhell. We 
may perceive even in thefe fmall Grains, as well as in greater, how curi¬ 
ous and carefull Nature is in preferving the feminal principle of Vege¬ 
table bodies, in what delicate, ftrong and moft convenient Cabinets fhe 
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lays them and doles them in a pulp for their fafer protection from out* 
ward dangers, and for the fupply of convenient alimental juice, when 
the heat of the Sun begins to animate and move thefe little automatons 
or Engines 5 as iflhe would,from the ornaments wherewith Ihe has deckt 
thefe Cabinets, hint to us, that in them Ihe has laid up her Jewels 
and Mafter-pieces. And this, if we are but diligent in obferving, we 
fhall find her method throughout. There is no curiofity in the Elemental 
kingdom, if I may fo call the bodies of Air, Water, Earth, that are com¬ 
parable in form to thofe of Minerals} Air and Water having no format 
all,unlels a potentiality to be form'd into Globules 5 and the clods and 
parcels of Earth are all irregular, whereas in Minerals Ihe does begin to 
Geometrize , and pra&ife, as twere, the firft principles of Mechanic^, 
fhaping them of plain regular figures, as triangles, fquares,€^c. and u- 
traeclrons , cubes, &c. But none of their forms are comparable to the 
more compounded ones of Vegetables, For here fhe goes a ftep further, 
forming them both of more complicated fhapes, and adding alfo multi¬ 
tudes of curious Mechanick contrivances in their ftru&ure^for whereas in 
Vegetables there was no determinate number of the leaves or branches, 
nor no exactly certain figure of leaves, or flowers,or feeds, in Animals all 
thole things are exactly defin’d and determin’d 3 and where-ever there 
is either an excels or defeCt of thofe determinate parts or limbs,there has 
been lome impediment that has fpoil’d the principle which was moft re¬ 
gular : Here we fhall find, not onely moft curioufly compounded fhapes, 
but moft ftupendious Mechanifms and contrivances, here the ornaments 
are in the higheft perfection, nothing in all the Vegetable kingdom that 
is comparable to the deckings of a Peacock 5 nay,to the curiofity of any 
feather, aslelfewhere Ihew* nor to that of the fmalkft and moft defpi- 
cable Fly. But I rauft not ftay on thefe lpeculations, though perhaps it 
were very well worth while for one that had leiliire,to fee what Informa¬ 
tion may be learn’d of the nature,or ufe,or virtues of bodies,by their feve- 
ral forms and various excellencies and properties. Who knows but Adam 
might from fome fuch contemplation, give names to all creatures} If at 
leaft his names had any fignificancy in them of the creature’s nature on 
which he impos’d it 5 as many (upon what grounds I know not) have 
fuppos’d : And who knows,but the Creator may,in thofe charaCters,have 
written and engraven many of his moft myftcrious defigns and counfels, 
and given man a capacity, which, aflifted with diligence and induftry, 
may be able to read and underftand them. But not to multiply my di- 
greffion more then I can the time, I will proceed to the next, which is. 


Obfcrv. XXX. Of the Stzds of Poppy. 

^TpHe final! feeds of Poppy, which are deferibed in the 19. Scheme, both 
* lor their Imalncls, multiplicity and prettinds, as alio for their ad¬ 
mirable foporifick quality, deferve to be taken notice of among 1foe 

other 
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other microjcopical feed s of Vegetables: For firft, though they grow in a 
Cafe or Hive oftentimes bigger then one of thefe Figures of the micro - 
^0/Wrf/appearance, yet are they for the moft part fo very little, that they 
exceed not the bulk" of a fmall Nitt,being not above part of an Inch in 

Diameter, whereas the Diameter of the Hive of them oftentimes exceeds 
two Inches,fo that it is capable of containing neer two hundred thoufand, 
and fo in all likelihood does contain a vaft quantity, though perhaps not 
that number. Next, for their prettinefs, they may be compar’d to any 
microfc epical feed I have yet feen 5 for they are of a dark brownifhred 
colour, curioufly Honey-comb’d all over with a very pretty variety of 
Net-work, or a fmall kind of imbofment of very orderly rais’d ridges, 
the fiirface of them looking not unlike the inflde of a Beev’s ftomack. But 
that which makes it moft conftderable of all, is, the medicinal virtues of 
it, which are fuch as are not afforded us by any Mineral preparation 5 and 
that is for the procuring of fteep, a thing as neceflary to the well-being 
of a creature as his meat, and that which refrefhes both the voluntary 
and rational faculties, which, whil’ft this affe&ion has feis’d the body,are 
for the moft part unmov’d, and at reft.. And, methinks. Nature does 
feem to hint fbme very notable virtue or excellency in this Plant from the 
curiofity it has beftow’d upon it. Firft, in its flower, it is of the higheft 
fcarlet-Dye, which is indeed the prime and chiefeft colour, and has been 
in°all Ages of the world moft highly efteem’d: Next, it has as much cu¬ 
riofity fhew’d alfb in the hufk or cafe of the feed, as any one Plant I have 
yet met withall , and thirdly, the very feeds themfelves, the Microfcope 
difeovers to be very curioufly fhap’d bodies, and laftly. Nature has 
taken fuch abundant care for the propagation of it, that one fingle feed 
grown into a Plant, is capable of bringing fome hundred thoufands of 
feeds. 

It were very worthy fbme able man’s enquiry whether the intention of 
Nature, as to the fecundary end of Animal and Vegetable fubftances 
might not be found out by fbme fuch chara&ers and notable impreflions 
as thefe, or from divers other drcumftances, as the figure, colour, place, 
time of flourifhing, fpringing and fading, duration, tafte, fmell, &c . For 
if fuchthere are (as an able Phyjician upon good grounds has given me 
caufe to believe) we might then, infteed of ftudying Herbals (where fo 
little is deliver d of the virtues of a Plant, and lefs of truth) have re- 
•ourfe to the Book of Nature it felf, and there find the moft natural, 
ufefull, and moft effettual and fpecifick Medicines, of which we have 
amongft Vegetables, two Very noble Inftances to incourage fuch a hope, 
the one of the Jefaite powder for the cure of intermitting Feaver/^nd the 
other of the juice of Poppy for the curing the defeat of fleeping. 


Y 2 


Obfcrv. 


Micrographia 


Obferv. XXXI. Of Purflane-fccd. 

rrHe Seeds of Purflane fcem of very notable fhapes, appearing through 
the Microfcope fhap’d fomewhat like a nautilus or Porcelane fhell, as 
may be feen in the XX. Scheme , it being a fmall body, coyl’d round in 
the manner of a Spiral $ at the greater end whereof,which reprefonts the 
mouth or orifice of the Shell, there is left a little white tranfparent fub- 
ftance, like a fkin, reprefented by B B B B, which foems to have been the 
place whereunto the ftem was join'd. The whole furface of this Coclca 
or Shell, is cover’d over with abundance of little prominencies or buttons 
very orderly rang’d into Spiral rows, the fhape of each of which foem’d 
much to refemble a Wart upon a mans hand. The order, variety, and 
curiofity in the fhape of this little feed, makes it a very pleafant object 
for the Microfcope , one of them being cut afunder with a very (harp Pen¬ 
knife, difcover d this carved Cafket to be of a brownifh red, and fome¬ 
what tranfparent fubftance, and manifefted the infide to be fill’d with a 
whitifh green fubftance or pulp, the Bed wherein the feminal principle 
lies invelopd. 

There are multitudes of other feeds which in fhape reprefent or ins¬ 
tate the forms of divers other forts of Shells: as the feed of Scurvy - 
graft very much refembles the make of a Concha Venerea^ kind of Purce- 
lane Shell 5 others reprefont foveral forts of larger fruits, fweat Marje- 
rome and Pot-marjerome reprefont Olives. Carret feeds are like a cleft 
of a Coco-Nut Hulk 5 others are like Artificial things, as Succory feeds 
are like a Quiver full of Arrows, the foedsof Amur anthus are of an ex¬ 
ceeding lovely (hape, fomewhat like an Eye: The fkin of the black and 
fhrivled feeds of Onyons and Leeks,are all over knobbed like a Seals fkin. 
Sorrel has a pretty black ihining thrce-fquare feed,which is picked at both 
ends with three ridges, that are bent the whole length of it. It were al- 
moft endlefs to reckon up the foveral fhapes,they are fo many and fo va¬ 
rious ; Leaving them therefore to the curious obforver, I fhall proceed to 
theObforvations on the parts of Animals. 


Obferv. XXXII. i Of the Figure offever alforts cf Hair, and of 
the texture of the fkin. 

V iewing fome of the Hairs of my Head with a very good MicroJcope y 
I took notice of thefo particulars: 

1. That they were, for the moft part. Cylindrical , fome of them were 
fomewhat PrJfinatical 0 but generally they were veryneer round,foch as are 
reprefented in the fecond Figure of the $.Schemt 9 by the Cylinders E E E. 
nor could I find any that had fharp amgules. 


2. That 
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MlCROGRARHiA. 

2. That that part which was next the top, was bigger then that which 
was neerer the root. 

3. That they were all along from end to end tranfparent, though not 
very cleer, the end next the root appearing like a black transparent piece 
of Horn, the end next the top more brown, fomewhat like tranfparent 

Horn. 

4. That the root of the Hairs were pretty fmooth, tapering inwards, 
almoft like a Parfneb} nor could I find that it had any filaments, or any 
other vefiels, fuch as the fibres of Plants; 

5. That the top when fplit (which is common in long Hair) appear’d 
like the end of a dick, beaten till it be all flitter’d, there being not onely 
two fplinters, but fometimes half a fcore and more. 

6 . That they were all, as farr as I was able to find, folid Cylindrical 
bodies, not pervious, like a Cane or Bulrufh 5 nor could I find that they 
had any Pith, or didindtion of Rind, or the like, fuch as I had obferv’d in 
Horfe-hairs, the Bridles of a Cat, the Indian Deer’s Hair, 

Obfervatim on fever al other forts of Bair. 

For theBrifles of a Hogg, I found them to be fird a hard tranfparent 
horny fubffance, without the lead appearance of pores or holes in it 5 and 
this I try’d with the greated care I was able, cutting many of them with a 
Very (harp Razor, fo that they appear’d, even in the Glafs, to have a pret¬ 
ty fmooth furface, but fomewhat waved by the fa wing to and fro of the 
Razor, as is vifible in the end of the Prjfntatical body A of the fame 
Figure, and then making trials with caufing the light to be call: on thetn 
all the various ways I could think of, that was likely to make the pores 
appear, if there had been any, I was not able to difcover any. 

Next, the Figure of the Brides was very various, neither perfedtly 
round, nor fharp edg’d, but Prifmatical , with divers fides, and round 
angles, as appears in the Figure A.‘ The bending of them in any part 
where they before appear’d cleer, would all flaw them, and make them 
look white* 

TheMudacheosofaCat (part of one of which is reprefented by the 
(hort Cylinder B of the fame Figure) feem’d to have, all of them that I ob- 
ferv’d,a large pith in the middle, like the pith of an Elder, whofe texture 
was fo dole, that I was not able to difcover the lead: fign of pores 5 and 
thofe parts which feem to be pores,as they appear’d in one portion to the 
light, in another I could find a manifeft refledtiom to be call from them. 

This I indance in,to hint that it is not fafe to conclude any thing to be 
pofitively this or that, though it appear never fo plain and likely when 
look’d on with a Microfiofe in one podure, before the fame be examin’d 
by placing it in feveral other pofitions. 

And this I take to be the reafon why many have believed and aflerted 
the Hairs of a man’s head to be hollow* and like fb many fmall pipes per¬ 
forated from end to end. 

Now, though I grant that by an Analogic one may fuppofe them fo* 

and 
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and from the Fohnian difeafo one may believe them fuch, yet I think we 
have not the lead encouragement to either from the Microfcope^ much Ids 
pofitively to aflert them fuch. And perhaps the very efience of the Plica 
Polonica may be the hairs growing hollow, and of an unnatural con- 
ftitution. 

And as for the Analogies though I am apt enough to think that the hairs 
of leveral Animals may be perforated fomewhat like a Cane, or at leaft 
have a kind of pith in them,firft,becaufe they feem as ’twere a kind of Ve¬ 
getable growing on an Animal, which growing,they lay, remains a long 
while after the Animal is dead, and therefore Ihould like other Vege¬ 
tables have a pith 3 and fecondly, becaufe Horns and Feathers, and Por¬ 
cupine’s Quils, and Cats Brilles, and the long hairs of Horfes,which come 
very neer the nature ofa mans hair,feem all of them to have a kind of pith, 
and Ibrne of them to be porous,yet I think it not (in thefe cafes, where we 
have fuch helps for the fonfo as the Microfcope affords) fafe concluding 
or building on more then we fenfibly know, fince we may,with exami¬ 
ning, find that Nature does in the make of the fame kind of fubftance, 
often vary her method in framing of it: Inftances enough to confirm this 
we may find in the Horns of leveral creatures: as what a vaft difference 
is there between the Horns of an Oxe, and thofe of lome forts of Staggs 
as to their fhape ? and even in the hairs of feveral creatures, we find a 
vaft difference 3 as the hair of a man’s head feems, as I faid before, long. 
Cylindrical and fometime a little Prifmatical , folid or impervious, and 
venr fmall 3 the hair of an Indian Deer (a part of the middle of which is 
delcribed in the third Figure of the fifth Scheme , marked with F) is b'g- 
ger in compals through all the middle of it,then the Bnlle of an Hogg,but 
the end of it is fmaller then the hair of any kind of Animal (as may be 
feen by the Figure G) the whole belly of it, which is about two or three 
Inches long, looks to the eye like a thread of courfe Canvafs, that has 
been newly unwreath’d, it being all wav’d or bended to and fro, much 
after that manner, but through the Alicrofcope , it appears all perforated 
from fide to fide,and Spongie, like a fmall kind offpongy Coral, which is 
often found upon the Englijh fhores 3 but though I cut it tranfverfly, I 
could not perceive that it had any pores that ran the long-way of the 
hair: the long hairs of Horfes C C and D, feem Cylindrical and fomewhat 
pithy 3 the Brilles of a Cat B, are conical and pithy: the Quils of Por¬ 
cupines and Hedghoggs, being cut tranlverlly, have a whitilh pith, in the 
manner of a Starr,or Spur-rowel: Piggs-hair ( A) is fomewhat triagonal , 
and foems to have neither pith nor pore: And other kinds of hair have 
quite a differing ftru&ure and form. And therefore I think it no way 
agreeable to a true natural Hiftorian, to pretend to be fo fharp-fighted, 
as to foe what a pre-conceiv’d Hypothecs tells them fhould be there.where 
another man, though perhaps as feeing, but not foreftall’d, can difcovei* 
no luch matter. 

But to proceed 3 I obforv’d feveral kind of hairs that had been Dyed, 
and found them to be a kind of horny Cylinder , being of much about the 
tranfparency of a pretty cleer piece of Oxe horn 3 thefe appear’d quite 

through- 
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throughout'ting’d with the colours they exhibited. And ’tis likely,that 
thofe hairs being boy I’d or fteep’d in thofe very hot ting’d liquors in the 
Dye-fat, And the fubftance of the hair being much like that of an Oxes 
Horn, the penetrant liquor docs lb far mqllifie and foften the lubftance^ 
that it finks into the very center of it, andfo the ting’d parts come to be 
mix’d and united with the very body of the hair,and do not (as feme have 
thought) only ftick on upon the outward lurface. And this,the boiling of 
Horn will make more probable 5 for we Ihall hnd by that action, that the 
water will infinuate it felf to a pretty depth within the furface of it, 
efpecially if this penetrancy of the w r ater be much helped by the Salts 
that are ufually mix’d with the Dying liquors. Now ; whereas Silk may 
be dyed or ting’d into all kind of colours without boiling or dipping in¬ 
to hot liquors, I ghefs the rcalon to be two-fold : Firft, becaufe the fila¬ 
ments, or fmall cylinders of Silk, are abundantly fmaller and finer, and lb 
have a much Ids depth to be penetrated then mod kind of hairs , and 
next, becaufe the fubftance or matter of Silk, is much more like aGlew 
then the fubftance of Hair is. And that I have reafon to (uppofej 
Firft, becaufe when it is fpun or drawm out of the Worm, it js aperfedl: 
glutinous fubftance, and very eafily fticks and cleaves to any adjacent 
body, as I have feveral times obferved, both inSiJk-Worrpsand Spiders. 
Next, becaufe that I find that water does eafily diftblve and mollifie the 
^fubftance again, which is evident from their manner of ordering thole 
bottoms or pods of the Silk-worm before they are able to unwind them. Ip 
is no great wonder therefore,if thofeDyes or ting’d liquors do very quick¬ 
ly mollifie and tinge the forfaces of fo fmall and fo glutinous g body. 
And we need not wonder that the colours appear fo lovely in the one, 
and fo dull in the other, if we view but the ting’d cylinders of both 
kinds with a good Microfcope 5 for whereas the fubftance of Hair, at beft,is 
but a dirty dufkifb white fomewbat tranfparent, the filaments of Silk have 
a moft lovely tranfparency and cleerneis, the difference between thofe 
two being not much lefs then that between a piece of Horn, and a piece 
of Cryftal, the one yielding a bright and vivid reflexion from the con¬ 
cave fide of the cylinder, that is, from the concave furface of the Air 
that incompafles the back-part of the cylindefy the other yielding a dull 
and perturb’d reflexion from the feveral Heterogeneous parts that com- 
pofeit. And this difference will be manjfeft enough to the eye,if you get a 
couple of finall Cylinders, the fmaller ofCryftal Glafs,the other of Horn, 
and then varnifhing them oVer very thinly with fome tranfparent colour, 
which will reprefent to the naked eye much the feme kind ofobjefr which 
isreprefented to it from the filaments of Silk apd Hair by the help of the 
Microfcope . Now, fince the threads of Silk and S^rge are made up of a 
great number of thefe filaments, we may henceforth ceafe to wonder at 
the difference. From much the feme reafon proceeds the vivid and Jove- 
ly colours of Feathers, wherein they very farr exceed the natural as well 
as Artificial colours of hair.of which I fhall fay more in its proper place. 

The Teguments indeed of creatures are all of them adapted to thepe^ 
tuliar ufe and convenience of that Animal which they in wrap 5 and very 

much 
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much alfo for the ornament and beauty of it, as will be moft evident to 
any one that {hall attentively confider the various kinds of cloathings 
Wherewith moft creatures are by Nature inverted and cover'd. Thus I 
have obferved, that the hair or furr of thofe Northern white Bears that 
inhabite the colder Regions, is exceeding thick and warm : the like have 
I obferv’d of the hair of a Greenland Deer, which being brought alive to 
London ,1 had the opportunity of viewing 5 its hair was fo exceeding thick, 
long and (oft, that I could hardly with my hand, gralp or take hold of 
his {kin, and it feem’d fo exceeding warm, as I had never met with any 
before. And asfbrtheornamentative ufe of them, it is moft evident in a 
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein 
Deer y&c. but for the Qiape, as in Horfos manes, Cats beards,aud foveral 
other of the greater fort of terreftrial Animals, but is much more confpi- 
cuous, in the Veftments of Fifties, Birds, Info&s, of which I ftiall by and 
by give fome Inftances. 

As for the (kin, the Mtcrofiope diftovers as great a difference between 
the texture of thofe foveral kinds of Animals, as it does between their 
hairs $ but all that I have yet taken notice of, when tann’d or drefs’d, are 
of a Spongic nature, and foem to be conftituted of an infinite company 
offinall long fibres or hairs, which look not unlike a heap of Tow or 
Okum 3 every of which fibres feem to have been fame part of a Mufole, 
and probably, whil’ftjthe Animal was alive, might have its diftind functi¬ 
on, and ferve for the contra&ion and relaxation of the fkin, and for the 
ftretching and ftirinking of it this or that way. 

And indeed, without fuch a kind of texture as this, which is very like 
that of Spun 4 , it would feem very ftrange, how any body fo ftrong as the 
fkin ofan Animal ufiially is, and fo clofc as it feems, whil’ft the Animal is 
living, ftiould be able to luffer fo great an extenfion any ways, without at 
all hurting or dilacerating any part of it. But,fince we are inform’d by the 
AficrofeopCy that it confifts of a great many final! filaments, which are im¬ 
plicated, or intangled one within another, almoft no otherwife then the 
hairs in a lock of Wool, or the flakes in a heap of Tow, though not alto¬ 
gether fo looft 3 but the filaments are here and there twifted,as twere,or 
interwoven,and here and there they join and unite with one another,fo as 
indeed the whole {kin foems to be but one piece,we need not much won¬ 
der: And though theft fibres appear not through zAficrofiopeyexaCtly joint¬ 
ed and contex’d,as in Sponge 3 yet,as I formerly hinted, I am apt to think, 
that could we find fome way of diftovering the texture of it, whil'ft it in¬ 
verts the living Animator had fome very eafie way of feparating the pulp 
or intercurrent juices, fuch as in all probability fill thofe Interjlitiay with¬ 
out dilaeerating, brufing, or otherwife fpoiling the texture of it (as it 
foems to be very much by the ways of tanning and drefling now us’d) we 
might diftover a much more curious texture then I have hitherto been 
able to find 3 perhaps, fomewhat like that of Sponges. 

That of chamoife Leather is indeed very much like that of Spun 4 , lave 
onely that the filaments feem nothing neer fo even and round, nor alto¬ 
gether fo fmall, nor has it fo curious joints as spunky has, fome of which I 

have 
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have lately difeover’d like thofe of a Sponge, and perhaps all thele three 
bodies may be of the fame kind offubftance, though two of them indeed 
are commonly accounted Vegetable (which, whether they be fo or 
no, I fball not now difpute) But this feems common to all three, that 
they undergo a tanning or d refling, whereby the interfpers’d juices are 
wafted and wafh’d away before the texture of them can be dilcover’d. 

What their way is of drefling, or curing Sponges, Iconfds, I cannot 
learn 5 but the way of dreiiing spunky is, by boiling it a good while in d 
ftrong Lixivium , and then beating it very well 3 and the manner of dref- 
ling Leather is fuffieiently known. 

It were indeed extremely defirable, if fuch a way could be found 
whereby the Tarenchyma, or tiefh of the Mufcles, and feveral other 
parts of the bod,ymight be wafh’d, or wafted clean away,Without vitia¬ 
ting the form of th ofibrous parts or veftells of it, for hereby the texture 
of thole parts, by the help of a good Microfcope , might be moft accu¬ 
rately found. 

But to digrels no further, we may, from this dilcovery of the Micro - 
fcope , plainly enough underftand how the Ikin, though it looks fo clofe 
as it does, comes to give a pallage to lo vaft a quantity of excrementitious 
fubftances, as the diligent Sau&orius has excellently oblerved it to do, in 
his medicina Jiatica 3 for it feems very probable, from the texture after 
drefling,that there are an infinit of pores that every way pierce it,and that 
thofe pores are onely fill’d with feme kind of juice, or fome very pulpy 
loft fubftance, and thereby the fteams may almoft as eafily find a paftage 
through (iich a fluid vehicle as the vaporous bubbles which are generated 
at the bottom of a Kettle of hot water do find a paftage through that 
fluid medium into the ambient Air. 

Nor is the Ikin ofanimals only thus pervious,but even thole of vegetables 
alio leem to be the lame,for otherwife I cannot conceive why,iftwo Iprigs 
of Rolemary (for Inftance) be taken as exactly alike in all particulars as 
can be, and the one be fet with the bottom in a Glals of water, and the 
other be let juft without the Glals,but in the Air onely, though you flop 
the lower end of that in the Air very carefully with Wax, yet lhall it 
prefently almoft wither, whereas the other that feems to have a fupply 
from the lub jacent water by its fmall pipes, or microfcopical pores, pre- 
ierves its greennefs for many days, and lometimes weeks. 

Now, this to me, leems not likely to proceed from any other £aufe then 
the avolation of the juice through the fkin, for by the Wax,all thofe other 
poresjof the ftem are very firmly and clolely ftop’d up. And from the more 
oriels poroulhefs of the fkins or rinds of Vegetables may, perhaps, be 
ibmewhat of the realon given, why they keep longer green, or fooner wi¬ 
ther 3 for we may obferve by the bladdering and craking of the leaves of 
Bays,Holly, Laurel, &c. that their Ikins are very dole, and do not fuller 
fo free a paftage through them of the included juices. 

But of this, and of the Experiment of the Rolemary, I lhall elfewhere 
more fully Confident leeming to me an extreme luciferous Experiment, 
iuch as leems indeed very plainly to prove the Schematifm or ftru&ure 
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of Vegetables altogether mechanical^ and as neceflary, that (water and 
warmth being apply’d to the bottom of the fprig of a Plant) fome of it 
fhould be carried upwards into the ftem, and thence diftributed into the 
leaves, as that the water of the Thames covering the bottom of the Mills 
at the Bridge foot of London , and by the ebbing and flowing of it, pafl- 
fling ftrongly by them, fhould have lbme part of it convey'd to the 
Cefterns above,and thence into feveral houfes and Cefterns up and down 
the City. 


Obferv. XXXIII. Of the Scales cf a Soal, and other Fijhes. 

H Aving hinted fomewhat of the fkin and covering of terreftrial Anb 
mals, I (hall next add an Obfervation I made on the fkin and Scales 
of a Soal , a fmall Fifh, commonly enough known $ and here in Fifties, as 
well as other Animals, Nature follows its ufual method, framing all parts 
fb, as that they are both ufefull and ornamental in all its compofares, 
mingling utile and dnlce together 5 and both thefe defigns it feems to 
follow,though our unaflifted fenfes are not able to peceive them: This is 
not onely manifeft in the covering of this Fifh only, but in multitudes of 
others,which it would be too long to enumerate,witnef$ particularly that 
(mall Sand Shell, which I mention'd in the XI. Obfervation, and infinite 
other fmall Shells and Scales, divers of which I have view’d. This fkin I 
view’d, was flead from a prettylarge Soal , and then expanded and dry’d, 
the infide of it, when dry, to the naked eye, look'd very like a piece of 
Canvafs,but the Microfcope difcover’d that texture to be nothing elfe,but 
the inner ends of thofe curious Scolop’d Scales I, I, I, in the fecond Figure 
of the XXI. Scheme , namely, the part of GGGG (of the larger repre- 
fentation of a Angle Scale, in the firft Figure of the fame Scheme ) which 
on the back fide, through an ordinary Angle Magnifying Clafs, look’d 
not unlike the Tylcs on an houfe. 

The outfide of it, to the naked eye, exhibited nothing more of orna¬ 
ment, fave the ufual order of ranging the Scales into a triagonal form, 
onely the edges feem’d a little to fhine, the finger being rubb d from the 
tail-wards towards the head, the Scales feem’d to flay and raze it; But 
through an ordinary Magnifying glafs, it exhibited a moft cunoufly 
carved and adorned furface, fuch as is vifible in the fecond Figure , each 
of thofe (formerly almoft imperceptible) Scales appearing much of the 
fhape I, I, I, that is, they were round, and protuberant, and fomewhat 
Ihap’d likeaScolop, the whole Scale being creas d with curioufly wav’d 
and indented ridges,with proportionable furrows between^each of which 
was terminated with a very (harp tranfparent bony fubflance,which,likje 
fbmany fmallTurnpikes, feem’d to arm the edges. 

The back part KXK was the fkin into which each of thelie Scales 
were very deeply fix’d, in the curious regular order, vifible in the fecond 
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Micrograph! A. 

Figure. The length and flhape of the part of the Scale which was buried 
by the fkin,is evidenced by the fir ft Figure , which is the reprefentation of 
one of them pluck'd out and view’d through a good Microfcopc, namely^ 
the part L FG CFL : wherein is alio more plainly to be feen,the manner 
of carving of the fcclopt part of every particular Scale,how each ridge or 
barr E E E is alternately hollowed or engraven, and how every gutter 
between them is terminated with very tranlparent and hard pointed 
fpikes, and how every other of thefe, as A A A A, are much longer then 
the interjacent ones, D D D. 

The texture or form alfo of the hidden part appears, namely, the 
middle part, GGG, feems to conlift of a great number of fmall quills 
or pipes, by which, perhaps, the whole may be nourifhed 5 and the fide 
parts F F confift of a more fibrous texture, though indeed the whole 
Scale feem’d to be of a very tough grilly fubftance,like the larger Scales 
of other Fifties. 

The Scales of the (kin of a Dog-fifh (which is us’d by fuchas work in 
Wood,for the fmoothing of their work,and confifts plainly enough to the 
naked eye,of a great number offmall horny points) through the Microfcope 
appear’d each of them curioully ridg’d, and very neatly carved 5 and in¬ 
deed, you can hardly look on the feales of any Fifti, but you may dilcover 
abundance ofeuriofity and beautifying^ and not only in thefe Filhes,but in 
the fbells and crufts or armour of moft forts of Marine Animals lo inverted* 


Obfcrv. XXXIV. Of the Sting of a Bee, 

T He Sting of a Bee , delineated in the fecond Figure of the XVl.Schen/e 9 
feems to be a weapon of offence, and is as great an Inftance, that 
Nature did realy intend revenge as any, and that firft, becaule there 
feems to be no other ufe of it. Secondly, by reafon of its admirable fhape, 
feeming to be purpofely fhap’d for that very end. Thirdly,from the vi- 
rulency of the liquor it ejefts, and the fad effects and fymptoms that fol¬ 
low it. 

But whatever be the ufe of it,certain it is,that the ftru&ure of it is very 
admirable 5 what it appears to the naked eye, I need not deferibe, the 
thing being known almoft to every one,but it appears through the Micro - 
[cope , to confift of two parts, the one a (heath, without a chape or top, 
fhap’d almoft like the Holfter of a Piftol, beginning at d 3 and ending 
at />, this (heath I could moft plainly perceive to be hollow, and to con¬ 
tain in it, both a Sword or Dart, and the poifbnous liquor that caufes the 
pain. The (heath or cafe feem d to have feveral joints or fettings together, 
marked by f gh ib^l mno^ it was arm’d moreover neer the top, with fe¬ 
veral crooks or forks (pqrft^on one fide, and (p qr ft u) on the other, 
each of which feem’d like fo many Thorns growing on a briar, or rather 
likefo many Cat’s Claws 5 for the crooks themfelves feem’d to be little 
(harp tranfparent points or claws, growing out of little protuberancies on 
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the fide of the (heath, which, by obferving the Figure diligently, is eafie 
enough to be perceiv’d ^ and from feveral particulars, I fuppofe the Ani¬ 
mal has a power of difplaying them, and (hutting them in again as it 
pleafes, as a Cat does its claws, or as an Adder or Viper can its teeth 
or fangs. 

The other part of the Sting was the Sword, as 1 may (o call it, which 
is (heath’d, as it were,in it, the top of which a b appears quite through at 
the (mailer end, juft as if the chape of the (heath of a Sword were loft, 
and the end of it appear’d beyond the Scabbard 5 the end of this Dart(V) 
was very (harp, and it was arm’d likewife with the like Tenterhooks or 
claws with thole of the (heath, fuch as ( v xy , xy z z ) thefe crooks, I am 
very apt to think, can be clos’d up alfo, or laid flat to the (ides of the 
Sword when it is drawn into the Scabbard,as I have feveral times obferv’d 
it to be, and can be (pred again or extended when ever the Animal 
pleafes. 

The confideration of which Very pretty ftru<fture,has hinted to me,that 
certainly the ufe of thefe claws feems to be very confiderable, as to the 
main end of this Inftrtiment, for the drawing in, and holding the fting in 
the fle(h 5 for the point being very (harp, the top of the Sting or Dagger 
(4 b ) is very eafily thruft into an Animal’s body,which being once entred, 
the Bee, by endeavouring to pull it into the fheath, draws (by reafon of 
the crooks ( v xy ) and ( xy z z ) which lay hold of the (kin on either 
fide) the top of the (heath (tfrv) into the (kin after it, and the crooks 
f, s, and r, */, being entred, when the Bee endeavours to thruft out the 
top of the fting out of the (heath again, they lay hold of the fldn on ei¬ 
ther fide, and (b not onely keep the (heath from Aiding back, but helps 
the top inwards, and thus, by an alternate and fucceflive retracing and 
emitting of the Sting in and out of the (heath, the little enraged creature 
by degrees makes his revengfull weapon pierce the tougheft and thickeft 
Hides of his enemies, in fo much that (ome few ofthefe ftout and refo- 
lute (bldiers with thefe little engines, do often put to flight a huge mafty 
Bear, one of their deadly enemies, and thereby (hew the world how 
much more confiderable in Warr a few (kilfull Engineers and refolute 
(bldiers politickly order’d, that know how to manage foch engines, are, 
then a vaft unweildy rude force, that confides in, and ads onely by, its 
ftrength. But (to proceed) that he thus gets in his Sting into the (kin, 
I con je&ure, becaufe, when I have obferv’d this creature living, I have 
found it to move the Sting thus, to and fro, and thereby alfo, perhaps, 
does, as ’twere, pump or force out the poifonous liquor, and make it 
hang at the end of the (heath about b in a drop. The crooks, I (uppofe 
alfo to be the caufe why thefe angry creatures, haftily removing them- 
felves from their revenge, do often leave thefe weapons behind them, 
Iheath’d, as ’twere, in the fle(h, and, by that means, caufe the painfull 
(ymptoms to be greater,and more laftmg,which are very probably caus’d, 
partly by the piercing and tearing of the (kin by the Sting, but chiefly 
by the corrofive and poifonous liquor that is by this Syringe-pipe con¬ 
vey’d among the fenfitive parts thereof and thereby more eafily gnaws 
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Micrographia. 

and corrodes thofe tender fibres: As I have fhewed in the defeription 
of a Nettle and of Covvhage. 


Obferv. XXXV. Of the contexture and Jhapecf the particles of 
Feathers. 

E xamining feveral forts of Feathers , I took notice of thele particulars 
in all forts of wing-Feathers, efpecially in thole which ferv’d for the 
beating of the air in the a&ion of flying. 

That the outward lurface of the Quill and Stem was of a very hard,ftifi, 
and horny fubftance, which is obvious enough, and that the part above 
the Quill was fill'd with a very white and light pith, and,with the Micro - 
fcope ,1 found this pith to be nothing elfe, but a kind of natural congeries 
of fmall bubbles,the films of which Teem to be of the fame fubftance with 
that of the Quill, that is, of a ftiff tranfparent horny fubftance. 

Which particular feems to me,very worthy a more ferious confideration$ 
For here we may obferve Nature,as ’twere,put to its fhifts, to make a fub- 
ftance,which (hall be both light enough,and very ftiffand ftrong,without 
varying from its own eftablilh’d principles, which we may oblerve to be 
fuch, that very ftrong bodies are for the moft part very heavie alio, a 
ftrength of the parts uliially requiring a denfity, and a denfity a gravity 5 
and therefore fhould Nature have made a body fo broad and lo ftrong as 
a Feather, almoft, any other way then what it has taken, the gravity of it 
muft neceftarily have many times exceeded this , for this pith feems to be 
like fo many ftops or crols pieces in a long optical tube, which do very 
much contribute to the ftrength of the whole, the pores of which were 
fuch, as that they Teem’d not to have any communication with one ano* 
ther, as I have elfewhere hinted. 

But the Mechanifm of Nature is uliially fo excellent, that one and the 
fame fubftance is adapted to ferve for many ends. For the chief ufe of 
this, indeed, feems to be for the lupply of nourishment to the downy or 
feathery part of the ftem 5 for ’tis obvious enough in all forts of Feathers, 
that *tis plac’d juft under the roots of the branches that grow out of ei* 
ther fide of the quill or ftalk, and is exaftly lhap’d according to the rank¬ 
ing of thole branches, coming no lower into the quill, then juft the be¬ 
ginning of the downy branches, and growing onely on the under fide of 
of the quill where thofe branches do fo. Now, in a ripe Feather (as one 
may call it) it feems difficult to conceive how the Succus nntritius fhould 
be convey’d to this pith 5 for it cannot, I think, be well imagin’d to pals 
through the fubftance of the quill, fince, having examin’d it with the 
greateft diligence I was able, l could not find the leaft appearance of 
pores, but he that fhall well examine an unripe or pinn’d Feather, will 
plainly enough perceive the Veflel for the conveyance of it to be the thin 
filmy pith (as tis call’d) which pafles through the middle of the quill. 

As for the make and contexture of the Down it lelf, it is indeed very 
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rare and admirable, and fuch as I can hardly believe,that the like is to be 
difcover’d in any other body in the world $ for there is hardly a large 
Feather in the wing of a Bird.but contains neer a million of diftindf partSj 
and every one of them fhap’d in a mod: regular & admirable form,adapt- 
edto a particular Defign : For examining a middle ciz’d Goofe-quill, I 
eafily enough found with my naked eye,that the main ftem of it contain’d 
about 300. longer and more Downy branchings upon one fide, and as 
many on the other of more ftiff but fomewhat fhorter branchings; Many 
of thefe long and downy branchings, examining with an ordinary Mi- 
crojcope , I found divers of them to contain neer 1200. fmall leaves (as I 
may call them, fuch as EF of the firft Figure of the 23 .Scheme) and as 
many ftalks 5 on the other fide, fuch as IK of the fame Figure, each of 
the leaves or branchings, E F, feem’d to be divided into about fixteen or 
eighteen fmall joints, as may be feen plainly enough in the Figure, out of 
moft of which there feem to grow fmall long fibres , fuch as are exprefs’d 
in the Figure, each of them very proportionably fhap’d according to its 
pofition, or plac’d on the ftalk EF, thofe on the under fide of it, name¬ 
ly, 1,2, 3,4, 5,6, 7,8,9, being much longer then thofe dire&ly op- 
pofite to them on the upper 5 and divers of them, fuch as 2,3,4,556,7,8,9, 
&c. were terminated with fmall crooks, much refembling thofe fmall 
crooks,which are vifible enough to the naked eye, in the feed-buttons of 
Bur-docks. The lFalks likewife, IK on the other fide, feem’d divided into 
neer as many fmall knotted joints,but without any appearance of firings 
or crooks,each of them about the middle K,feem’d divided into two parts 
by a kind of fork, one fide of which, namely, K L, was extended neer 
the length of K I, the other, M, was very fhort. 

The tranfverfe Se&ions of the ftems of thefe branchings, manifefted 
the fhape or figure of it to be much like I N O E, which confified of a 
horny fkin or covering, and a white feemingly frothy pith, much like the 
make of the main ftem of a Feather. 

Theufe ofthisftrange kind of form,is indeed more admirable then all 
the reft, and fuch as deferves to be much more ferioully examin’d and 
confider’d, then I have hitherto found time or ability to do $ for certain¬ 
ly, it may very much inftruft us in the nature of the Air, efpecially as to 
fome properties of it. > 

The ftems of the Downy branches IN O E, being rang’d in the order 
vifible enough to the naked eye, at the diftancc of [ F, or fomewhat 
more, the collateral ftalks and leaves (if I may fb call thofe bodies I new¬ 
ly defcribed) are fo rang’d, that the leaves or hairy ftalks of the one fide 
lie at top, or are incumbent on the ftalks of the other, and crofs eacl> 
other, much after the manner exprefs’d in the fecond Figure of the 
23 .Scheme, by which means every of thofe little hooked fibres of the 
leaved ftalk get between the naked ftalks, and the ftalks being full of 
knots, and a prety way dif-join’d* fo as that the fibres can eafily get be¬ 
tween them, the two parts are fo clofely and admirably woven together, 
that it is able to impede,for the grcateft pajt, the tranfcurfion of the Air 5 
and though they are fo exceeding fmall, as that the thicknefs of one of 
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thefe ftalks amounts not to a 500. part of an Inch, yet do they compofe 
fb ftrong a texture, a? 9 notwithftanding the exceeding quick and violent 
beating of them againft the Air. by the ftrength of the Birds wing, they 
firmly hold together. And it argues an admirable providenee of Nature 
in the contrivance and fabrick of them , for their texture is fuch, that 
though by any external injury the parts of them are violently difcjoyn’d^ 
fo as that the leaves and (talks touch not one another, and confequently 
fcveralof thefe rents would impede the Bird’s flying 5 yet, for the moft: 
part, of themfelves they readily re-join and re-contex themfelves,and are 
eafily by the Birds ftroking the Feather, or drawing it through its Bill, all 
of them fettled and woven into their former and natural pofture 5 for 
there are fuch an infinite company of thofe fmall fibres in the under fide 
of the leaves, and moft of them have fuch little crooks at their ends,that 
they readily catch and hold the ftalks they touch. 

From which ftrange contexture,it feems rational to fuppofe that there 
is a certain kind of mefti or hole fb fmall, that the Air will not very eafily 
pals through it, as I hinted alfo in the fixth Obfervation about fmall Glafs 
Canes, for otherwife it feems probable, that Nature would have drawn 
over feme kind of thin film which fhould have covered all thofe almoft 
fquare mefhes or holes, there feeming through the Microficope to be more 
then half of thefurfacc of the Feather which is open and vifibly pervi¬ 
ous $ which conjecture will yet feem more probable from the texture of 
the brufhie wings of the Tinea argente* , or white Feather wing’d moth, 
which I fhall anone deferibe. But Nature, that knows beft its own laws, 
and the feveral properties of bodies,knows alfo beft how to adapt and fit 
them to her defigned ends,and whofo would know thofe properties, muft 
endeavour to trace Nature in its working, and to fee what courfe (he 
obferves. And this I fuppofe will be no inconfiderable advantage which 
the Schematifms and Structures of Animate bodies will afford the dili-i 
gent enquirer, namely, moft fure and excellent inftruCHons, both as to 
the practical part of Mechanic k,s and to the Theory and knowledge of the 
nature of the bodies and motions. 


Obferv. XXXVI. Of Peacoks., Ducks, and other Feathers of 
changeable colours . 

HpHe parts of the Feathers of this glorious Bird appear, through the 
Microfcope , no Ids gaudy then do the whole Feathers 5 for, as to the 
naked eye ’tis evident that the ftem or quill of each Feather in the tail 
fends out multitudes of Lateral branches^ fuch as AB in the third Figure 
of the 33. Scheme represents a fmall part of about ^ part of an Inch long, 
and each of the lateral branches emit multitudes of little fprigs, threads 
or hairs on either fide of them, fuch as C D, C D, C D, fb each of thofe 
threads in the Microfcope appears a large long body,confifting of a multi¬ 
tude 
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tude of bright reflecting parts, whole Figure tis no eafie matter to de¬ 
termine, as he that examines it (hall find , tor every new pofition of it to 
the light makes it perfectly feem of another form and (hape,and nothing 
what it appear’d a little before 5 nay, it appear’d very differing oft- 
times from fo feemingly inconfiderable a circumftance, that the inter- 
pofing of ones hand between the light and it,makes a very great change,- 
and the opening or (hutting a Cafement and the like, very much diverfi- 
fies the appearance. And though, by examining the form of it very many 
ways, which would be tedious here to enumerate, I fuppofe I have dip 
cover’d the true Figure of it, yet oftentimes, upon looking on it in ano¬ 
ther pofture, I have almoft thought my former obfervations deficient, 
though indeed, upon further examination, I have found even thole allb 
to confirm them. 

Thefe threads therefore I find to be a congeries of (mall Lamina or 
plates, as e e e e e, &c. each of them fbap’d much like this of a b c d, in 
the fourth Figure, the part a c being a ridge, prominency, or Item, and 
b and d the corners of two fmall thin Plates that grow unto the (mall 
(talk in the middle,fothat they make a kind of little feathery each of thefe 
Plates lie one dole to another,almoft like a company of (loping ridge or 
gutter Tyles$ they grow on each fide of the ftalk oppofite to one another, 
by two and two, from top to bottom, in the manner expreft’d in the 
fifth Figure, the tops of the lower covering the roots of the next above 
them 5 the under fide of each of thefe laminated bodies, is of a very dark 
and opacous fubftance, and fuffers very few Kays to be trajedted, but re- 
fledts them all toward that fide from whence they come, much like the 
foil of a Looking-glafs 5 but their upper fides feem to me to confift of 
a multitude of thin plated bodies, which are exceeding thin, and lie ve¬ 
ry clofe together, and thereby, like mother of Pearl (hells, do not one- 
ly refledt a very brilk light, but tinge that light in a moft curious man¬ 
ner 5 and by means of various pofitions, in refpect of the light, they re¬ 
fledt back now one colour, and then another, and thofe moft vi¬ 
vidly. 

Now, that thefe colours are one\yfantaJlicalones , that is, fuchas arife 
immediately from the refradtions of the light, I found by this, that water 
wetting thefe colour’d parts,deftroy’d their colours,which feem’d to pro¬ 
ceed from the alteration of the reflection and refradtion. Now, though 
I was not able to fee thofe hairs at all tranlparent by a common light, yet 
by looking on them againft the Sun, I found them to be ting’d with a 
darkilh red colour* nothing a-kin to the curious and lovely greensand 
blues they exhibited. 

What the reafon of colour feems to be in fuch thin plated bodies, I 
have elfewhere fhewn. But how water caft upon thole threads deftroys 
their colours, I fuppofe to be perform’d thus 5 The water falling upon 
thefe plated bodies from its having a greater congruity to Feathers then 
the Air,infinuates it lelf between thofe Plates,and fo extrudes theftrong 
reflecting Air, whence both thefe parts grow more tranfparent,as the Mi - 
crofeope informs, and colourlefs allb, at beft retaining a very faint and 
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dull colour. But this wet being wafted away by the continual evapora¬ 
tions and (teams that pals through them from the Peacock, whiTft that 
Bird is yet alive, the colours again appear in their former lufter, the/;/* 
terjiitia of thde Plates being fill'd with the ftrongly refle&ing Air. 

The beauteous and vivid colours ofthe Feathers of this Bird, being 
found to proceed from the curious and exceeding (malnefs and finenefs 
of the refle&ing parts,we have here the reafon given Us of all thofe gau* 
deries in the apparel of other Birds alfo, and how they come to exceed 
the colours of all other kinds of Animals, befidcslnfe&s, for fince (as we 
here.and elfewhere alfo ftiew) the vividnefs of a colour, depends upon 
the finenefs and tranfparency of the reflecting and refracting parts $ and 
fince our Micrcfcope difeovers to us, that the component part9 of feathers 
are fuch,and that the hairs of Animals are otherwife 5 and fince We find 
alfo by the Experiment of that Noble and moft Excellent Perfoti I former¬ 
ly named , that the difference between Silk and Flax, as to its colour, is 
nothing elfe (for Flax reduc’d to a very great finenels of parts, both 
white and colour’d, appears as white and as vivid as any Silk, butlofes 
that brightnefs and its Silken afpeCt as foon as it is twifted into thread,by 
reaion that the component parts, though very (mail and fine, are yet pli¬ 
able flakes, and not cylinders, and thence,by twifting, become united in- 
to one opacous body, whereas the threads of Silk and Feathers retain 
their luftre, by preferving their cylindrical form intire without mix¬ 
ings fo that each reflected and refraCted beam that compofcs theglofs 
of Silk, preferves its own property of modulating the light intire) 5 And 
fince we find the fame confirm’d by many other Experiments elfewhere 
mentioned, I think we may fafely conclude this for an Axiome, that 
wherefoever we meet with tranfparent bodies, fpun out into very fine 
parts, either cleer, or any ways ting’d, the colours refulting from fuch a 
compojition muft neceftarily be very glorious, vivid, and cleer, like thofe 
of Silk and Feathers. This may perhaps hint fome ufefull way of making 
other bodies, befides Silk, be fufceptible of bright tinCfurcs, but of thi3 
onely by the by. 

The changeable colour’d Feathers alfo of Ducks, and leveral other 
Birds, I have found by examination with my Microfcope , to proceed from 
much the fame cauies and textures. 


Obferv. XXXVII, Of the Feet of Flies, and fever al other In¬ 
fers. 


T He foot of a Fly (delineated in thefirft Figure of the 1%. Scheme, 
which reprefents three joints, the two Tallons, and the two Pattens 
in a flat pofture 5 and in the feednd Figure of the fame Scheme , which re¬ 
prefents onely one joint, the Tallons and Pattens in another pofture) is 
of a moft admirable and curious contrivance, for by this the Flies are en¬ 
abled to walk againft the fides of Glafs, perpendicularly upwards, and to 
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contain themfelves in that pofture as long as they pleafe^nay 3 to walk and 
lufpend themfelves againll the under furface of many bodies,as the ceiling 
of a room, or the like, and this with as great a feeming facility and firm- 
nels, as if they were a kind of Antipodes, and had a tendency upwards., as 
we are (ure they have the contrary, which they alio evidently dilcover, 
in that they cannot make themfelves fo light, as to flick or fufpend them¬ 
felves on the under furface of a Glafs well polifh’d and cleans'd , their 
fufpenfi on therefore is wholly to be afcrib’d to fome Mechanical contri¬ 
vance in their feet 5 which, what it is, we (hall in brief explain, by (hew¬ 
ing, that its Mechanifm confifts principally in two parts, that is, firft its 
two Claws, or Tallons, and fecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large, in proportion to the foot, and hand- 
(bmly Ihap’d in the manner deferib’d in the Figures, by A B, and A C, 
the bigger part of them from A to dd, is all hairy, or brilled, but to¬ 
ward the top, at C and B Imooth, the tops or points, which feem very 
(harp turning downwards and inwards, are each of them mov’d on a joint 
at A, by which the Fly is able to open or fhutthemat pleafure, lo that 
the points B and C being entered in any pores, and the Fly endeavouring 
to (hut them,the Claws not onely draw one againll another,and fo fallen 
each other, but they draw the whole foot, G G A D D forward, lb that 
on a foft footing, the tenters or points GGGG, (whereof a Fly has about 
ten in each foot, to wit,two in every joint) run into the pores,if they find 
any, or at lead make their way 5 and this is fenlible to the naked eye, in 
the feet of a Chafer , which, if he be fufier’d to creep over the hand, or 
any other part of the fkin of ones body, does make his fleps as fenlible to 
the touch as the light. 

But this contrivance,as it often fails the Chafer , when he walks on hard 
and clofe bodies, fo would it alio our Fly, though he be a much lefler, 
and nimbler creature, and therefore Nature has furnilh’d his foot with 
another additament much more curious and admirable, and that is, with 
a couple of Palms, Pattens or Soles D D, the llrudture of which is this: 

From the bottom or under part of the lad joint of his foot, K, arife 
two fmall thin plated horny lubdances, each confiding of two fiat pieces, 
D D, which feem to be flexible,like the covers of a Book, about F F, by 
which means,the plains of the two fides E E,ldo not always lie in the fame 
plain, but may be fometimes fhut clofer, and fo each of them may take a 
little hold themfelves on abody$ but that is not all,for the under fides of 
thefe Soles are all befet with (mail brifles, or tenters, like the Wire teeth 
of a Card uled for working Wool, the points of all which tend for¬ 
wards, hence the two Tallons drawing the feet forwards, as I before 
hinted, and thefe being applied to the furface of the body with all the 

E oints looking the contrary way, that is, forwards and outwards, if there 
e any irregularity or yielding in the furface of the body, the Fly fu- 
fpends it felfvery firmly and eafily,without the accels or need of any fuch 
Sponges fill’d with an imaginary gluten, as many have, for want of good 
Glafies, perhaps, or a troublefome and diligent examination, fuppos’d.- 
Now, that the Fly is able to walk on Glad, proceeds partly from fome 
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ruggednds of the furface; and chiefly from a kind oftarniffi, or dirty 
ftnoaky fubftance, which adheres to the furface of that very hard body $ 
and though the pointed parts cannot penetrate the fubftance ofGIafojyet 
may they find pores enough in the tarnifh, or at leaftmake them. 

This Strudure I fomewhat the more diligently fiirvey’d, becaufe I 
could not well comprehend, how, if there were fuch a glutinous matter 
in thole fuppofed Sponges, as mod (that have obferv d that Obje£r ifi a 
Microfcope) have hitherto believ’d,how, I fay, the Fly could lo readily ur>- 
glew and loofen its feet: and, becaufe I have not found any Oth^r erea- 
ture to have a contrivance any ways like it 5 and chiefly, that we might 
not be caft upon unintelligible explications of the Phenomena of Nature, 
at leaft others then the true ones, where our fenfes were able to furnlfh 
us with an intelligible, rationall and true one. 

Somewhat a like contrivance to this of Flies lhall we find in mod other 
Animals, fuch as all kinds of Flies and cafe-wing’d creatures 5 nay, in a 
Flea, an Animal abundantly fmaller then this Fly. Other creatures, as 
Mites, the Land-Crab, have onely one fmall very lharp Tallon 
at the end of each of their legs, which all drawing towards the center or 
middle of their body, inable thefe exceeding light bodies to fufpend and 
fatten themfelvcs to almoft any furface. 

Which how they are able to do, will not feem Arrange, if we confider, 
firtt, how little body there is in one of thefe creatures compar’d to theif 
fuperficies, or outfide,their thicknefs, perhaps, oftentimes,not amounting 
to the hundredth part of an Inch: Next, the ftrength and agility of thefe 
creatures compar’d to their bulk, being, proportionable to their bulk* 
perhaps, an hundred times ftrongerthen an Horfeor Man. And thirdly* 
if we confider that Nature does always appropriate the inftruments, fo 
as they are the moft fit and convenient to perform their offices, and the 
moft fimple and plain that poflibly can be 5 this we may fee further veri-» 
fy’dalfointhefootof aLoufe which is very much differing from thofel 
have been deferibing, but more convenient andneceflary for the place 
of its habitation, each of his leggs being footed with a couple of fmall 
claws which he can open orfhutat pleafure, fhap’d almott like the claws 
of aLobfter or Crab,but with appropriated contrivances for his peculiar 
ufe, which being to move its body to and fro upon the hairs of the crea¬ 
ture it inhabits. Nature has furnilh’d one of its claws with joints, almoft 
like the joints of a man’s fingers, fo as thereby it is able to encompafs or 
grafp a hair as firmly as a man can a ftick or rope. 

Nor, is there a Ids admirable and wonderfull Mechanifm in the foot 
of a Spider, whereby he is able to fpin, weave, and climb, or run on his 
curious tranlparent clew, of which I fhall fay more in the defeription of 
that Animal. 

And to conclude, we (hall in all things find, that Nature does not 
onely work Mechanically, but by fiich excellent and moft compendi¬ 
ous, as well as ftupendious contrivances, that it were impoffible for all 
the reafbn in the world to find out any contrivance to do the fame thing 
that fhould have more convenient properties. And can any be fb fottifh, 
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as to think all thofe things the produ&ioris of chance? Certainly,ci¬ 
ther their Ratiocination muft be extremely depraved,or they did never 
attentively confidcr and contemplate the Works of the Al-mighty. 


Obferv. XXXVIII. Of the StruUun and motion ofthe Wings. 
tf Flies. 

*"pHe Wings of all kinds of Fnfe&s, arc , for the moft part, very 
beautifull Obje&s, and afford no lefs pleating an Ob jed to the mind 
to (peculate upon,then to the eye to behold. This of the blue Fly,among 
the reft, wants not its peculiar ornaments and contrivances 5 it grows 
out of the Thorax , or middle part of the body of a Fly, and is feated a 
little beyond the center of gravity in the boay towards the head, but 
that Excentricly is curioully balanc’d 5 firft, by the expanded Area ofthe 
wings which lies all more backwards then the root, by the motion of 
them, whereby the center of their vibration is much more backwards to¬ 
wards the tail of the Fly then the root of the wing is. What the vibra- 
tive motion of the wings is, and after what manner they are moved, I 
have endeavoured by many trials to find out: And for the firft manner 
of their motion, I endeavoured to obferve feveral of thofe kind of (mail 
(pinning Flies, which will naturally fofpend themfelves, as it were, pois’d 
and fteady in one place of the air, without riling or falling, or moving 
forwards or backwards $ for by looking down on thofe, I could by a kind 
of faint fhadow, perceive the utmoft extremes of the vibrativc moti¬ 
on of their wings, which fhadow 3 whil’ft they fb endeavoured to fiifpend 
themfelves, was not very long, but when they endeavour’d to flie fbr- 
wards,it was fomewhat longer 5 next,I tried # it,by fixing the leggs of a Fly 
upon the top of the ftalk of a feather, with Glew, Wax, &c . and then 
making it endeavour to flie away , for being thereby able to view it in 
any pofture, I colJe&ed that the motion of the wing was after this man¬ 
ner. 1 he extreme limits of the vibrations were ufually fomewhat about 
the length of the body diftant from one another, oftentimes fhorter,and 
fometimes alfo longer 5 that the formoft limit was ufually a little above 
the back 5 and the hinder fomwhat beneath the belly 5 between which two 
limits, if one may ghefs by the found, the wing feem’d to be mov’d for¬ 
wards and backwards with an equal velocity: And if one may (from the 
fhadow or faint reprefentation the wings afforded, and from the confide- 
ration of the nature of the thing ) ghefs at the pofture or manner 
of the wings moving betweeen them, it feem’d to be this: The wing 
being fuppos’d placed in the upmoft limit, foems to be put fo that the 
plain of it lies almoft horizontal, but onely the forepart does dip a little, 
or is fomewhat more depreft 5 in this pofition is the wing vibrated 
or mov’d to the lower limit, being almoft arrived at the lower li¬ 
mit , the hinder part of the wiflg moving fomewhat fafter then the 
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former, the Area, of the wing begins to dip behind, and in that poftiire 
feems it to be mov'd to the upper limit back again, and thence back 
again in thefirft pofture,the former part ofth tArea dipping again,as it is 
moved downwards by means of the quicker motion of the main ftem 
which terminates or edges the forepart of the wing. And thefe vibrati¬ 
ons or motions to and fro between the two limits feem fo fwift, that tis 
very probable (from the found it affords, if it be compar’d with the vi¬ 
bration of a mufical firing, tun’d unifbn to it) it makes many hundreds, 
if not feme thoufands of vibrations in a fecond minute of time. And, if 
we may be allow’d to ghels by the found, the wing of a Bee is yet more 
fwift, for the tone is much more acute, and that, in all likelihood, pro- - 
ceeds from the exceeding fwift beating of the air by the fmall wing. 
And it feems the more likely too, becaufe the wing of a Bee is lefs in pro ■* 
portion to its body,then the other wing to the body of a Fly 5 fo that for 
ought 1 know, it may be one of thequickeft vibrating Jpontaneotis moti¬ 
ons of any in the world 3 and though perhaps there may be many Flies in 
other places that afford a yet more fhrill ncife with their wings, yet tis 
molt probable that the quickeft vibrdtmgjpontaneovs motion is to be 
found in the wing of fome creature. Now, if we confider the exceeding 
quicknefs of thefe Animal fpirits that muff caufe thefe motions, we cannot 
chufe but admire the exceeding vividnefs of the governing faculty or 
Anirna of the Inffft, which is able to difpoff and regulate fo the the mo¬ 
tive faculties, as to caufe every peculiar organ, not onely to move or aft 
fo quick, but to do it alio fo regularly. 

Whifft I was examining and confidering the curious Mechanifm of the 
wings, I obffrvd that under the wings of moff kind of Flies, Bees, &c. 
there were plac’d certain pendulums or extended drops (as I may fo call 
them from their refembling motion and figure) for they much referable d 
a long hanging drop of fbme tranfparent viffous liquor 3 and I obffrved 
them conffantly to move juft before the wings of the Fly began to move, 
fo that at the firft fight I could not but ghefs, that there was fortie excel¬ 
lent ufe, as to the regulation of the motion of the wing, and did phancy, 
that it might be fomething like the handle of a Cock, which by vibra¬ 
ting to and fro,might,as twere.open and fhut the Cock,and thereby give 
a paflage to the determinate influences into the Muffles 3 afterwards,up- 
on fbme other trials,I fuppos’d that they might be for fome uff in refpira- 
tion, which for many reafons I fuppofe thole Animals to uff, and, me 
thought, it was not very improbable, but that they might have conve¬ 
nient paflages under the wings for the emitting, atleaft,of the air, if not 
admitting, as in the gills of Fifties is raoft evident 3 or, perhaps, this Pen¬ 
dulum might be fomewhat like the ftaff to a Pump, whereby thefe crea¬ 
tures might exerciff their Analogus lungs, and not only draw in, but force 
out,the air they live by: but thefe were but conjedures,and upon further 
examination feem’d lefs probable. 

The fabrick of the wing,as it appears through a moderately magnify¬ 
ing Microfcopefee ms to be a body confifting of two parts,as is vifible in the 
4. Figure of the 2 ^Scb 9 me‘^nd by the 2 .Figure of the 2 b.Scheme-- ) the one is 
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a quilly or finny iubftance,confifting of feveral long,(lender and varioufly 
bended quills or wires, (bmething refembling the veins of leaves 3 thefe 
are, as twere,the finns or quills which ftiffen the whole Area, and keep 
the other part diftended, which is a very thin tranfparent fkin or mem¬ 
brane varioufly folded, and platted, but not very regularly, and is be- 
lides exceeding thickly beftuck with innumerable (mail brifles, which 
are onely perceptible by the bigger magnifying Microfcope, and not 
with that neither, but with a very convenient augmentation of fky- 
light proje&ed on theObjed with a burning Glafs, as I have elfewhere 
(hew a, or by looking through it againft the light. 

In fteed of thefe fmall hairs, in feveral other Flies, there are infinite of 
fmall Feathers, which cover both the under and upper fides of this thin 
film as in almoft all the forts of Butterflies and Moths: and thole fmall parts 
arc not onely fhap’d very much like the feathers of Birds, but like thole 
variegated with all the variety of curious bright and vivid colours ima¬ 
ginable 3 and thofe feathers are likewile fo admirably and delicately 
rang’d,ag to compofe very fine flourifhings and ornamental paintings,like 
Turkic and Perftan Carpets,but of far more furpaffing beauty, as is evident 
enough to the naked eye, in the painted wings of Butterflies, but much 
more through an ordinary Microfcope. 

Intermingled likewife with thefe hairs, may be perceived multitudes 
of little pits, or black fpots,in the exended membrane, which feemto be 
the root of the hairs that grow on the other fide 3 thefe two bodies feem 
difpers’d over the whole furface of the wing. 

The hairs are beft perceiv’d, by looking through it againft the light, 
or, by laying the wing upon a very white piece of Paper, in a conve¬ 
nient light, for thereby every little hair moft manifeftly appears, a 
Specimn(o£ which you may obferve drawn in the fourth Figure of 
the 23. Scheme , A B, CD, EF whereof reprefent fome parts of the 
bones or quills of the wing, each of which you may perceive to be 
cover’d] over with a multitude of feales, or brifles, the former A B, 
is the biggeft Item of all the wing, and may be properly enough call’d 
the cut-air, it being that which terminates and ftiflens the formoft edge 
of the wing 3 the fore-edge of this is arm’d with a multitude of little 
brifles, or Tenter-hooks, in lbme ftanding regular and in order, in 
others not 3 all the points of which are dire&cd from the body to¬ 
wards the tip of the wing*, nor is this edge onely thus fring’d, but 
even all the whole edge of the wing is cover’d with a fmall fringe, 
confifting of ftiort and more (lender brifles. 

This Subjett, had I time, would afford excellent matter for the con¬ 
templation of the nature of wings and of flying 3 but, becaufe I may, 
perhaps, get a more convenient time to profecute that fpeculation, and 
recoiled: feveral Obfervations that I have made of that particular. I (hall 
at prefent proceed to 
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Obferv. X X X ] X. Of the Eyes and Head of a Grey drone-Fly- 
and of feveral other creatures . V. . 

I took a large grey Drone-Fly, that had a large head, but a fmall and 
{lender body in proportion to it,and cutting otl its head, I fix'd it with 
the forepart or face upwards upon my Object Plate (this I made choice 
ofrather then the head ofa great blue Fly,becaufe my enquiry being now, 
about the eyes,I found this Fly to have, hi ft the biggeft clutters of eyes 
in proportion to his head, of any fmall kind of Fly that I have yet fern* it 
being fbmewhat inclining towards the make of the large Dr agon-Flies. 
Nekt, Jbecaufe there is a greater variety in the knobs or balls of each 
clufter,then is of any fmall Fly) Then examining it according to my iifiial 
manner, by varying the degrees of light, and altering its pofition to each 
kinde of light, I drew that reprefentation of it which is delineated in 
the 24. Scheme , and found thefe things to be as plain and evident, as 
notable and pleafant. 

Firf, that fhegreatett part of the facc,nay,of the head, was nothing elfe 
but two large and protuberant bunches,™ promincntpart^A B C D E A,the 
furface of each of which was all cover’d over, or fhap’d into a multitude 
of fmall Hemijpheres, plac’d in a triagonal order,that being the clofeft and 
moft compadfed, and in that order, rang’d over the whole furface of the 
eye in very lovely rows,between each of which, as is neceflary, were left 
Jong and regular trenches, the bottoms of every of which, were perfedlly 
intire,and not at all perforated or drill’d through, which I mott certainly 
was afliired of, by the regularly refledied Image of certain Objedfs which 
I mov’d to and fro between the head and the light. And by examining 
the Cornea or outward fkin, after I had ttript it off from the feveral fub- 
ftances that lay within it,and by looking both upon the infide and againft 
the light. 

Next, that of thofe multitudes of Hemifphcres , there were obfervable 
two degrees of bignefs, the half of them that were lowermott,and look’d 
toward the ground or their own leggs, namely, CDE, CDE being a 
pretty deal fmaller then the other, namely, A B C E, A B C E, that look’d 
upward, and fide-ways,or foreright,and backward, which variety I have 
not found in any other fmall Fly. 

Thirdly , that every one of thefe Hemijpheres, as they feem’d to be pret¬ 
ty neer the true fhape of a Hemifphere , fo was the furface exceeding 
Imooth and regular, refiedfing as exadf, regular, and perfedi an Image of 
any Objedt from the furface of them, as a fmall Ball of Quick-filver of 
that bignefs would do, but nothing neer fo vivid, the refledfion from thefe 
being very languid, much like the refledfion from the outfide of Water, 
Glafs, Cryftal, &c. In fo much that in each of thefe Hemijpheres , I have 
been able to difcover a Land-fcape of thofe things which lay before my 
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window, one thing of which was a large Tree, whofe trunk and top I 
could plainly difcover, as I could alfo the parts of my window, and my 
hand and fingers, if I held it between the Window and the Obje<ft$ a 
fmall draught of nineteen of which, as they appear’d in the bigger Mag- 
nifying-glafs to refleft the Image of the two windows of my Chamber, 
are delineated in the third Figure of the 23. Scheme . 

Fourthly, that thefe rows were lo difpos’d, that there was no quarter 
vifible from his head that there was not fome of thefe Hemijpheres dire&ed 
againft, fo that a Fly may be truly laid to have an eye every way , and to 
be really circumjpett, And it was further obfervable, that that way where 
the trunk of his body did hinder his profped backward, thefe protube¬ 
rances were elevated, as it were, above the plain of his fhoulders and 
back, fb that he was able to fee backwards alfo over his back. 

Fifthly , in living Flies, I have obferv’d, that when any fmall mote or 
dull:,which flies up and down the air, chances to light upon any part of 
thefe knobs, as it is lure to flick firmly to it and not fall, though through 
the Microfcopc it appears like a large ftone or ftick (which one would ad- 
mire,efpecially fince it is no ways probable that there is any wet or gluti¬ 
nous matter upon thefe Hemijpheres, but I hope I fhall render the reafon in 
another place) fb the Fly prefently makes ufe of his two fore-feet in ftead 
of eye-lids, with which, as with two Brooms or Brufhes, they being 
all beftuck with Brifles, he often (weeps or brufhes off' what ever hinders 
the profpe& of any of his Hemijpheres , and then, to free his leggs from 
that dirt,he rubs them one againft another,the pointed Brifles or Tenters 
of which looking both one way, the rubbing of them to and fro one 
againft another, does cleanfe them in the fame manner as I have obferv’d 
thofe that Card Wool, to cleanfe their Cards, by placing their Cards, fb 
as the teeth of both look the fame way,and then rubbing them one againft 
another. In the very fame manner do they brufh and cleanfe their bodies 
and wings, as 1 fhall by and by fhew 5 other creatures have other contri¬ 
vances for the cleanfing and cleering their eyes. 

Sixthly , that the number of the Pearls or Hemijpheres in theclufters 
of this Fly, wasneer 14000. which I judged by numbering certain rows 
of them feveral ways, and cafting up the whole content, accounting 
each clufter to contain about feven thoufand Pearls, three thou fand 
of which were of a cize, and confequently the rows not fo thick, and 
the foure thoufand I accounted to be the number of the fmaller Pearls 
next the feet and probofeis. Other Animals I obferv’d to have yet a 
greater number, as the Dragon-Fly or Adderbolt : And others to have a 
much lefs company, as an Ant , &c. and feveral other fmall Flies and 
Infe&s. 

Seventhly, that the order of thefe eies or Hemijpheres was altogether curi¬ 
ous and admirable,they being plac’d inall kind ofFlies,and aerial animals, 
in a moft curious and regular ordination of triangular rows, in w hich or¬ 
der they are rang’d the neereft together that poflibly they can, and con¬ 
fequently leave the leaft pits or trenches between them. But in Shrimps , 
Crawfijhes 9 Lobjlers 3 and fitch kinds of Crujlaceous water Animals, I have 
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yet obferv’d them rang’d in a quadrangular order, the rows cutting each 
other at right angles,which as it admits of a lefs number of Pearls in equal 
furfaces 3 lo have thole creatures a recompence made them, by having 
their eyes a little movable in their heads, which the other altogether 
want. So infinitely wile and provident do we find all the Difpenfations in 
Nature, that certainly Epicurus, and his followers, muft very little have 
confider’d them, who alcrib’d thole things to the production of chance, 
that wiLto a more attentive confiderer,appear the products of the higheft 
Wildom and Providence, 

Upon the Anatomy or Difle&ion of the Head, I obferv’d thefe par¬ 
ticulars : 

Firft, that this outward Ikin, like the Cornea of the eyes of the greater 
Animals, was both flexible and tranfparent, and feem’d, through the Afi^ 
crofcope, perfectly to relemble the very fubftance of the Cornea of a man’s 
eye3 for having cut out the duller, and remov’d the dark and mucous 
Huff that is fubjacent to it, I could fee it tranfparent like a thin piece of 
Ikin, having as many cavities in the infide of it, and rang’d in the lame 
order as it had protuberances on the outfide.and this propriety,1 found the 
fame in all the Animals that had it, whether Flies or Shell-Filh. 

Secondly, I found that all Animals that I have obferv’d with thole kind 
of eyes, have within this Cornea , a certain cleer liquor or juice, though, in 
a very little quantity, and, 

I obferv’d thirdly, that within that deer liquor, they had a kind of 
dark mucous lining, which was all fpread round within the cavity ofthe 
duller, and feem’d very neer adjoining to it, the colour of which, in 
fome Flies,was grey 3 in others, blacky in others red 3 in others,of a mix’d 
colour 3 in others/potted 3 and that the whole clufters, when look’d on 
whil’ft the Animal was living, or but newly kill’d, appear’d of the fame 
colour that this coat (as I may lo call it) appear’d of, when that outward 
Ikin, or Cornea, was remov’d. 

Fourthly, that the reft of the capacity of the clufters was in lome, as 
in Dragon Flies, &c. hollow, or empty 3 in others fill’d with lome kind 
of fubftance 3 in blue Flies,with a reddilh mufculous fubftance, with fibres 
tending from the center or bottom outwards 3 and divers other,with va¬ 
rious and differing kinds oflubftances. 

That this curious contrivance is the organ of fight to all thole various 
Cruflaceous Animals, which are furnifh’d with it, I think we need not 
doujbt, if we confider but the leveral congruities it has with the eyes of 
greater creatures. 

As firft, that it is furnilh’d with a Cornea, with a tranjpare?rt humour , and 
with a uvea or retina , that the Figure of each of the lmall Hemijpheres are 
very Spherical , exactly polifh’d, and moft vivid, lively and plump,when 
the Animal is livings in greater Animals,and in like manner dull,flaccid$ 
and irregular, or lhrunk,when the Animal is dead. 

Next, that thofe creatures that are furnilh’d with it, have no 
other organs that have any relerablance to the known eyes of other 
creatures. * 

B b Thirdly, 
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Thirdly,that thofe which they call the eyes of Crabs,Lobfters,Shrimps, 
and the like, and are really lb, are Hemijpherd, almoft in the fame man¬ 
ner as thefe of Flies are. And that they really are lb, I have very often 
try d, by cutting off thefe little movable knobs, and putting the creature 
again into the water, that it would fwim to and fro, and move up and 
down as well as before, but would often hit it felf againft the rocks or 
ftonesj and though I put my hand juft: before its head, it would not at 
all ftart or fly back till I touch’d it, whereas whifft thofe were remain¬ 
ing, it would ftart back,and avoid my hand or a ftick at a good diftance 
before it touch’d it. And if in crujiaceous Sea-animals, then it feems very 
probable alfo,that thefe knobs are the eyes in cruJlaceous]n&d:s, which are 
allb of the fame kind, onely in a higher and more adiive Element 5 this the 
conformity or congruity of many other parts common to either of them, 
will ftrongly argue,their crujiaceous armour,their number of leggs,which 
are fix, befidethe two great claws, which anfwer to the wings in Infers 5 
and in all kind of Spiders, as alfo in many other Infedts that want wings, 
we fhall find the compleat number of them, and not onely the number, 
but the very fhape, figure, joints, and claws of Lobfters and Crabs, as is 
evident in Scorpions and Spiders, as is vifible in the fecond Figure of the 
3 i.Schewe^nd in the little Mite-worm,which I call a Land-crab,deferib’d 
in the fecond Figure of the Scheme,but in their manner of generation 
being oviparous, &c. And it were very worthy obfervation, whether 
there be not fome kinds of transformation and metamorphofis in the fe- 
veralftates of crujiaceous water-animals, as there is in fevcral forts of In¬ 
fers 5 for if fuch could be met with,the progrefs of the variations would 
be much more confpicuous in thofe larger Animals, then they can be in 
any kind of Infedcs our colder Climate affords. 

Thefe being their eyes, it affords us a very pretty Speculation to con¬ 
template their manner of vifion, which, as it is very differing from that of 
biocular Animals, fo is it not lefs admirable. 

That each of thefe Pearls or Hemifpheres is a perfedb eye, I think we 
need not doubt, if we confider onely the outfide or figure of any one of 
them, for they being each of them cover’d with a tranfparent protube¬ 
rant Cornea , and containing a liquor within them, refembling the watry 
or glaffie humours of the eye, muft neccfiarily refradt all the parallel 
Rays that fall on them out of the air, into a point notfarr diftant within 
them, where (in all probability) the Retina of the eye is placed,and that 
opacous, dark, and mucous inward coat that (I formerly fhew’d) I found 
to fubtend the concave part of the clufter is very likely to be that/#- 
nicle or coat, it appearing through the Microfcope to be plac’d a' little 
more than a Diameter of thofe Pearls below or within the tunica cornea. 
And if fo,then is therein all probability, a little Pidture or Image of the 
objedts without, painted or made at the bottom of the Retina againftf 
every one of thofe Pearls, fo that there are as many impreflions on the 
Retina or opacous fkin, as there are Pearls or Hemifpheres on the clufter. 
But becaufe it is impolfible for any protuberant furface whatfoever, whe¬ 
ther Jphatrial or other, fo to refradt the Rays that come from farr remote 
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lateral points of any Objed as to colled them again,and unite them each 
in a diftind point,and that onely thofe Rays which come from fome point 
that lies in the Axis of the Figure produc’d , are fo accurately re- 
fraded to one and the fame point again, and that the /<*/m*/Rays,thefur- 
ther they are remov’d, the more imperfed is their refraded confluence 3 
It follows therefore, that onely the Pidure of thole parts of the external 
objeds that lie in, or neer, the Axis of each Hemifphere , are difcernably 
painted or made on the Retina of each Hemijphere , and that therefore 
each of them can diftindlyfenfate or fee onely thofe parts which are very 
neer perpendicularly oppos’d to it, or lie in or neer its cptick Axis . 
Now, though there may be by each of thefe eye-pearls,a reprefentation 
to the Animal of a whole Hemijphere in the fame manner as in a man’s eye 
there is a pidure or fenfation in the Retina of all the objeds lying almofl: 
in an Hemijphere 3 yet, as in a man’s eye alfo, there are but fome very 
few points which liyng in, or neer, the optick Axis arediftindly difr 
cern’d: So there may be multitudes of Pidures made of an Objed in 
the leveral Pearls, and yet but one, or fome very few that are diftind 3 
The reprefentation of any objed that is made in any other Pearl, but that 
which is diredly,or very neer diredly,oppos’d,being altogether confus’d 
and unable to produce a diflind vifion. . 

So that we fee, that though it has pleas’d the All-wife Creator, to in¬ 
due this creature with fuch multitudes of eyes, yet has he not indued it 
with the faculty of feeing more then another creature 3 for whereas this 
cannot move his head,at leaft can move itvery little,without moving his 
whole body,/>7 ocular creatures can in an inftant (or the twinkling of an 
eye , which, being very quick, is vulgarly ufed in the fame fignification) 
move their eyes fo as to dired the optick Axis to any point 3 nor is it 
probable, that they are able to fee attentively at one time more then one 
Phyfical point 3 for though there be a diftind Image made in every eye, 
yet ’tis very likely,that the obferving faculty is only imploy’d about fome 
one objed for $hich they have moft concern. 

Now, as we accurately diftinguilh the fite or pofition of an Objed 
by the motion of the Mufcles of the eye requifite to put the optick Line 
in a dired pofition,and confufedly by the pofition of the imperfed Pidure 
of the objed at the bottom of the eye 3 fo are thefe crujlaceous creatures 
able to judge confufedly of the pofition of objeds by the Pidure or im- 
preflion made at the bottom of theoppofite Pearl, anddiftindly by the 
removal of the attentive or obferving faculty, from one Pearl to another* 
but what this faculty is*as it requires another place, fo a much deeper (pe¬ 
culation. Now,becaufeit were impoflible,even with this multitude ofeye- 
balls,to fee any objed diftind(for as I hinted before,onely thofo parts that 
lay in,or veryneer,the optick Lines could be fo)the Infinitely wife Creator 
has not left the creature without a power of moving the head a little in 
Aerial crujlaceous animals,and the very eyes alfo in crujlaceous Sea-animals} 
fo that by thefe means they are inabled to dired fome optick line or other 
againft any objed,and by that means they have the vifive faculty as com- 
pleat as any Animal that can move its eyes. 
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Diftances of Objeds alfo, ’tis very likely they diftinguilh, partly by 
the conlonant impreflions made in lorne two convenient Pearls, one in 
each clufter , for, according as thofc congruous impreflions affed, two 
Pearls neerer approach d to each other, the neerer is the Objed, and 
the farther they are diftant, the more diftant is the Objed: partly alfo 
by the alteration of each Pearl, requifite to make the Senfation or Pidure 
perfed , for ’tis impofiible that the Pidures of two Objeds, varioufly 
diftant, can be perfedly painted, or made on the fame Retina or bottom 
of the eye not altered, as will be very evident to any one that (hall atten¬ 
tively confider the nature of refradion. Now, whether this alteration 
inay be in the Figure of the Cornea, in the motion of accefs or recefs of the 
Retina towards the Cornea , or in the alteration of a cruftaline humour, if 
filch there be, I pretend not to determine $ though I think we need not 
doubt, but that there may be as much curiolity of contrivance and ftru- 
dure in every one of thefe Pearls, as in the eye of a Whale or Elephant, 
and'thejalmighty’s Fiat could as eafily caufe the exiftence of the one as 
the other 5 and as one day and a thoufand years are the fame with him,fo 
may one eye and ten thoufand. 

This we may be lure of, that the filaments or fenfative parts of the 
Retina muft be moft exceedingly curious and minute, fince the whole 
Pidure it felfis fuch^ what muft needs the component parts be of that 
Retina which diftinguifhes the part of an ob jed’s Pidure that muft be 
many millions of millions lefs then that in a man’s eye ? And how exceed¬ 
ing curious and fubtile muft the component parts of the medium that 
conveys light be, when we find the inftrument made for its reception or 
refradion to be fo exceedingly lmall ? we may,I think, from this {pecula¬ 
tion be diffidently dilcouragea from hoping to dilcover by any optick or 
other inftrument the determinate bulk of the parts of the medium that 
conveys the pulfe of light, fince we find that there is not Ids accurate- 
nels fhewn in the Figure* and polifh of thole exceedingly minute lenti¬ 
cular furfaces, then in thole more large and confpicuousTurfaces of our 
own eyes. And yet can I not doubt, but that there is a determinate bulk 
of thole parts, fince I find them unable to enter between the parts of 
Mercury, which being in motion, muft neceflarily have pores, as I (hall 
ellewhere fhew, and here pafs by, as being a digrefiion. 

As concerning the horns F F, the feelers or Imellers, G G, the Pro* 
bafeis H H, and I, the hairs and brides, K K, I lhall indeavour to de- 
feribe in the 42. Obfervation . 


Obferv. X L. Of the Teeth of a SnaiL 

T Have little more to add of the Teeth of a Snail, belides the Pidure 
of it, which is reprefented in the firft Figure of the 2 5. Scheme, fave 
that his bended body, A B C D E F, which leem’d falhioned very much 
like a row of fmall teeth, orderly plac’d in the Gums, and looks as if it 
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were divided into fevcral fmaller and greater black teeth., was nothing 
but one fmall bended hard bone,which was plac’d in the upper ja\V of the' 
mouth of a Houfe-Snail, with which I obferv’d this very Snail to feed ori 
the leaves of a Rofe-tree, and to bite out pretty large and half round 
bits, not unlike the Figure of a ( C) nor Very much differing from it iri 
bignefs, the upper part A B C D of this bone, I found to be much winter, 
and to grow out of the upper chap of the Snail. G G G,and not to be any 
thing neer fo much creas'd as the lower and blacker part of it H 11 H R K H 
which was exa&Ly fhap’d like teeth, the bone growing thinner, or taper” 
ing to an edge towards K K K. It fecm’d to have nine teeth, or prominent 
parts IK, IK, IF, &c. which were join’d together by the thinner inter¬ 
pos’d parts of the bone. The Animal to which thefe teeth belong, is £ 
very anomalous creature, and feems of a kind quite diftinft from any 
other terreftrial Animal or Infed,the Anatomy whereof exceedingly dif¬ 
fering from what has been hitherto given of it I fhould have inferted,but 
that it will be more proper in another place. I have never met with any 
kind of Animal whofe teeth are all join’d in one, fave onely that I lately 
obferv’d, that all the teeth of a Rhinocerot, which grow on either fide 
of its mouth, are join’d into one large bone, the weight of one of which 
I'found to be neer eleven pound Haverdupois. So that it feems one of 
the biggeft fort of terreftrial Animals, as well as one of the fmalleft, 
has his teeth thus fhap’d. 


Obferv. X LI. Of the Eggs of§i\k-vjorms 0 Md other Infefis. 

T He Eggs of Silk-worms(one of which I have defcrib’d in the fecond 
Figure of 25. Scheme ) afford a pretty Objefr for a Microfcope that 
magnifies very much, efpecially if it be bright weather, and the light of a 
window be caft or colledted on it by a deep Convex-glaj f, or Water-ball. 
For then the whole furface of the Shell may be perceiv’d all cover’d over 
with exceeding fmall pits or cavities with interpofed edges, almoft in the 
manner ofthe furface of a Poppy-feed,but that thefe holes are not an hun¬ 
dredth part foarceof their bignefsy the Shell,when the young ones were 
hatch’d (which I found an eafie thing to do, if the Eggs were kept in a 
warm place) appear’d no thicker in proportion to its bulk,then that of 
an Hen’s or Goos’s Egg is to its bulk,and all the Shell appear’d very white 
(which feem’d to proceed from its tranfparency) whence all thofe pit- 
tings did almoft vanifh, fo that they could not, without much difficulty, 
be difcern’d, the infide of the Shell feem’d to be lin’d alfo with a kind of 
thin film,not unlike (keeping the proportion to its Shell)that with which 
the (hell of an Hen-egg is lin’d 5 and the {hell it felf feem’d like common 
Egg-fhells, very brittle, and crack’d* In divers other of thefe Eggs I 
could plainly enough, through the {hell, perceive the fmall Infeft lie 
coyled round the edges of the (hell. The ffiape of the Egg it felf, the 
Figure pretty well reprefents ("though by default of the Graver k does’ 
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not appear fo rounded, and lying above the Paper, as it were,as it ought 
to do) that is, it was for the moft part pretty oval end-ways, fomewhat 
like an Egg,but the other way it was a little flatted on two oppofite (ides. 
Divers of thefe Eggs, as is common to moft others, I found to be bar¬ 
ren, or addle, for they never afforded any young ones. And thofe 1 
ufually found much whiter then the other that were prolifick. The 
Eggs of other kinds of Oviparous Infefrs I have found to be perfe&ly 
round every way,like fb many Globules,of this fort I have obferv’d fome 
forts of Spiders Eggs $ and chancing the laft Summer tp inclofe a very 
large andcurioufly painted Butterfly in a Box, intending to examine its 
gaudery with my Microfcope , I found within a day or two after I inclos'd 
her, almoft all the inner furface of the Box cover’d over with an infinite 
of exaftly round Eggs, which were ftuck very faft to the lidts of it, and 
in fo exa&ly regular and clofe an order, that made me call to mind my 
Hypothecs , which I had formerly thought on for the making out of all the 
regular Figures of Salt.which I have elfewhere hinted 5 for here I found 
all of them rang’d into a moft exaft triagonal order, much after the man¬ 
ner as the Hemijpheres are place on the eye of a Fly 3 all which Eggs I 
found after a little time to be hatch’d, and out of them to come a multi¬ 
tude of fmall Worms, very much refembling young Silk-worms, leaving 
all their thin hollow fhells behind them, fticking on the Box in their tri- 
agonal pofture $ thefe I found with the Microfcope to have much foch a 
lubftance as the Silk-worms Eggs, but could not perceive them pitted. 
And indeed, there is as great a variety in the (hape of the Eggs of Ovi¬ 
parous Infetts as among thofe of Birds. 

Of thefe Eggs, a large and lufty Fly will # one time lay neer four or 
five hundred, fo that the increafo of thefe kind of Infefts muft needs be 
very prodigious, were they not prey’d on by multitudes of Birds, and de- 
ftroy’d by Frofts and Rains, and hence ’tis thofe hotter Climates between 
the Tropickf are infefted with fuch multitudes of Locufts, and fuch other 
Vermine. 


Obferv. X L11. Of a blue Fly. 

T His kind of Fly,whereofa Microfopical Picture is delineated in the 
firft Figure of the 26. Scheme, is a very beautifull creature, and has 
many things about it very notable 5 divers of which I have already partly 
deferib’d, namely, the feet, wings, eyes, and head, in the preceding 
Obfervations. 

And though the head before defcrib’d be that of a grey Drone-Fly, 
yet for the main it is very agreeable to this. The things wherein they 
differ moft, will be eafily enough found by the following particulars: 

Firft, the clufters of eyes of this Fly, are very much (mailer then thofe 
of the Dron-Fly , in proportion to the head. 


And 























-- 


























V • . 


















MlC RO GR A P H I A. 

And next, alfthe eyes of each clufter feem’d much of the lame bignefs 
one with another, not differing as the other, but rang’d in the fame tri* 
agonal order. 

Thirdly, between thefe two clufters, there was a fcaly prominent 
front B, which was arm’d and adorn’d with large tapering (harp black 
brilles, which growing out in rows on either fide, were fo bent toward 
each other neer the top, as to make a kind of arched arbour of Brides, 
which almoft cover’d the former front. 

Fourthly, at the end of this Arch, about the middle of the face, on a 
prominent part C, grew two fmall oblong bodies, D D, which through 
a Microfcope look’d not unlike the Pendants in Lillies, thele feem’d to be 
jointed on to two fmall parts at C, each of which feem’d again jointed 
into the front. 

Fifthly, out of the upper part and outfides of thele horns (as I may 
call them, from the Figure they are of, in the 24. Scheme , where they 
are marked with F F) there grows a lingle feather, or brulhy Bride, E E, 
fomewhat of the lame kind with the tufts of a Gnat, which 1 have before 
deferibed. 

What the ufe of thefekind of horned and tufted bodies fhould be, I 
cannot well imagine,unlefs they ferve for fmelling or hearing,though how 
they arc adapted for either, it feems very difficult to defcribe they are 
in almod: every feveral kind of Flies of lo various a fhape, though certain¬ 
ly they are lome very efiential part of the head, and have fome very 
notable office aflign’d them by Nature, lince in all Infe&s they are to be 
found in one or other form. 

Sixthly, at the under part of the face F F, were feveral of the former 
lort of bended Brides 5 and below all, the mouth, out of the middle of 
which, grew the probofcj* G H I, which,by means of feveral joints,where- 
of it feem’d to conlift, the Fly was able to move to and fro, and thruft it 
in and out as it pleas’d, the end of this hollow body (which was all over 
cover’d with fmall Ihort hairs or brides) was, as ’twere, bent at FI, and 
the outer or formoft fide of the bended part H I, dit, as it were, into 
two chaps, H I, H I, all the outfide of which where cover’d with hairs, 
and pretty large brides $ thefe he could, like two chaps, very, readily 
open and fhut, and when he feem’d to fuck any thing from the furface of 
a body, he would fpread abroad thofe chaps, and apply the hollow part 
of them very clofe to it. 

From either fide of the Trobofcis , within the mouth, grew two other 
fmall horns, or fingers, K K, which were hairy, but fmall in this Figure $ 
but of another fhape, and bigger in proportion, in the 24 .Scheme, where 
they are marked with G G, which two indeed feem’d a kind of fmellers, 
but whether fo or not, I cannot positively determine. 

The Thorax or middle part of this Fly, was cas’d, both above and be¬ 
neath, with a very firm cruft of armour, the upper part more round, and 
covered over with long conical brides,all whole ends pointed backwards* 
out of the hinder and under part of this grew out in a duller fix leggs, 
three of which are apparent in the Figure,the other three were hid by the 
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body plac’d in that podure. The leggs were all much of the fame make, 
being all of them cover’d with a drong hairy fcale or fhel,jud like the legs 
of a Grabb or Lobder,and the contrivance of the joints feem’d much the 
fame 5 each legg feem’d made up of eight parts, i, 2 , 3 , 4 , 5 : 6 , 7, 8, to 
the eighth or lad of which, grew the foies and claws, deferibed before 
in the 38. Obfervation. 

Out of the upper part of this trunck grew the two wings, which I men¬ 
tion'd in the 38. Obfervation , confiding of a film, extended on certain 
ftnall ftiff wires or bones: thefe in a blue Fly, were much longer then 
the body, but in other kind of Flies they are of very differing propor¬ 
tions to the body. Thefe films,in many Flies,were fo thin,that,like feveral 
other plated bodies (mention’d in the ninth Obfervation ) they afforded 
all varieties offantadical or tranfient colours (the reafon of which I have 
here endeavoured to explain) they feem’d”to receive their nourifhment 
from the dalks or wires, which feem’d to be hollow, and neer the upper 
part of the wing L L feveral of them feem’d jointed, the fhape of which 
will fufliciently appear by the black lines in the fecond Figure of the 
26. Scheme , which is a delineation of one of thofe wings expanded di- 
re&ly to the eyes. 

All the hinder part of its body is cover’d with a mod curious blue fhi- 
ning armour,looking exa&ly like a polifh’d piece of deel brought to that 
blue colour by annealing, all which armour is very thick beduck with 
abundance of tapering brides, fuch as grow on its back, as is vifible 
enough by the Figure. 

Nor was the infide of this creature lefs beautifull then its outfide, for 
cutting off a part of the belly, and then viewing it, to fee if I could did 
cover any Veflels, fuch as are to be found in a greater Animals, and even 
in Snails exceeding manifedly,I found,much beyond my expectation,that 
there were abundance of branchings of Milk-white veflels,no lefs curious 
then the branchings of veins and arteries in bigger terredrial Animals,in 
one of which,I found two notable branches, joining their two main docks, 
as it were, into one common dttttu* 5 now, to what veins or arteries thefe 
Veflells were analogue , whether to the vena porta , or the meferaic f vef 
fetish or frhe like, or indeed, whether they were veins and arteries, or vafa 
lattea^ properly fo called, I am not hitherto able to determine, having 
not yet made fufficient enquiry $ but in all particulars, there feems not to 
be any thing lefs of curious contrivance in thefe InfeCfe, then in thole 
larger terredrial Animals, for I had never feen any more curious branch¬ 
ings of Veffel Is, then thofe I obferv’d in two or three of thefe Flies thus 
opened. 

It is a creature adfive and nimble, fo as there are very few creatures 
like it, whether bigger or fmaller, in fo much, that it will feape and 
avoid a fmall body, though coming on it exceeding fwiftly, and if it fees 
any thing approaching it, which it fears, it prefently fquats down, as it 
were,that it may be the more ready for its rife. 

Nor is it lefs hardy in the Winter, then aftive in the Summer, induring 
alltheFrods, and lurviving till the next Summer, notwithdanding the 
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bitter cold of our Climate 5 nay, this creature will indure to be frozen, 
and yet not be deftroy’d,for I have taken one of them out of the Snow 
whereon it has been frozen almoft white, with the Ice about it, and yet 
by thawing it gently by the warmth of a fire, it has quickly reviv'd and 
flown about. 

This kind' of Fly feems by the fleams or tafte of fermenting and 
putrifying meat (which it often kifles,as’twere, with its probofeis as it trips 
over it) to be ftimulated or excited to ejedt its Eggs or Seed on it, per¬ 
haps, from the fame reafon as Dogs,Cats,and many other brute creatures 
are excited to their particular lufls, by the fmellof their females, when 
by Nature prepared for generation the males feeming by thofe kind 
of fmells, or other incitations, to be as much neceflitated thereto, as 
Aqua Regis flrongly impregnated with a folution of Gold,is forced to pre¬ 
cipitate it by the affuflonof fpirit of Vrine , or a folution o £ Salt of 
Tartar. 

One of thefe put in fpirit of Wine, was very quickly feemingly kill’d, 
and both its eys and mouth began to look very red, but upon the taking 
of it out, and fullering it to lie three or four hours, and heating it with 
the Sun beams caft through a Burning-glafs, it again reviv’d, feeming, as 
it were, to have been all the intermediate time, but dead drunk, and af¬ 
ter certain hours to grow frefh again and fbber. 


Obferv. X LI ] I. Of the Water-InfeQ: or Gnat. 

His little creature, deferibed in the firft Figure ofthe 'i m j. Scheme^ 
_| was a fmall lealed or crufted Animal, which I have often obferv’d 
to be generated in Rain-water 51 have alfo obferv*d it both in Pond and 
River-Water. It is fuppos’d by fome, to deduce its firft original from the 
put ri faction of Rain-water, in which,if it have flood any time open to the 
air, you fhall feldom mifs,all the Summer long, of ftore of them frifking 
too and fro. 

’Tis a creature, wholly differing in fliape from any I ever obferv’d 5 nor 
is its motion leis ftrange: It has a very large head, in proportion to its 
body, all covered with a fhell, like other tejiaceous Animals, but itdift 
fers in this, that it has, up and down feveral parts of it, feveral tufts of 
hairs, or brifles, plac’d in the order expreft’d in the Figure, It has two 
horns,whichfeem’d almoft like the horns of an Oxe,inverted,and, as neer 
as I could ghefs,were hollow,with tufts of bri(Ies,likewife at the top^thefe 
horns they could move eafily this or that way,and might, perchance, be 
their noftrils. It has a pretty large mouth, which feem’d contriv’d much 
like thofe of Crabs and Lobfters,by which, I have often obferv’d them to 
feed on water, or fome imperceptible nutritive fubftance in it. 

I could perceive, through the tranfparent fhell,while the Animal fur- 
tiv’d, feveral motions in the head, thorax, and belly, very diftin&ly, 
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of differing kinds which I may, perhaps, elfewhere endeavour more ac¬ 
curately to examine, and to fhew of how great benefit the ufeofa Mi¬ 
croscope may be for the difcovery of Nature’s courfe in the operations per¬ 
form’d in Animal bodies, by which we have the opportunity of obferving 
her through thefe delicate and pellucid teguments of the bodies of Infe&s 
a&ing according to her ufual courfe and way, undifturbed, whereas, 
when we endeavour to pry into her fecrets by breaking open the doors 
upon her, and difle&ing and mangling creatures whil’ft there is life yet 
within them, we find her indeed at work, but put into fuch diforder by 
the violence offer’d, as it may eafily be imagin’d,how differing a thing we 
fhould find,if we could,as we can with a Microfeopejn thefe fmaller crea¬ 
tures, quietly peep in at the windows, without frighting her out of her 
ufuai byas. 

The form of the whole creature, as it appear'd in the Microscope , may, 
without troubling you with more defcriptions, be plainly enough per¬ 
ceiv’d by the Scheme , the hinder part or belly confuting of eight feveral 
jointed parts, namely, ABCDEFGH, of the fir ft Figure, from the 
midft of each of which,on either fide,iflued out three or four fmall brifles 
or hairs, I, I, I, I, I, the tail was divided into two parts of very differing 
make ^ one of them, namely, K, having many tufts of hair or brifles, which 
feem’d to lerve both for the finns and tail, for the Oars and Ruder of this 
little creature, wherewith it was able, by frifking and bending its body 
nimbly to andfro,to move himfelf any whither.and to fkull and fleer him- 
felfas he pleas’d^the other part, L, feem’d to be,as ’twere,the ninth divifi- 
on of his belly,and had many fingle brifles on either fide. From the end V, 
of which, through the whole belly, there was a kind of Gut of a darker 
colour, MMM, wherein, by certain Pcrijlaltic/^ motions there was a kind 
of black fubflance mov’d upwards and downwards through it from the 
orbicular part of it, N, (which feem'd the Ventricle ,or ftomach)to the tail 
V,and fo back again, which perifialtick^ motion I have obferv’d alfb in a 
Louie, a Gnat, and feveral other kinds of tranlparent body’d Flies. The 
ihorax or chefl of this creature OOOO, was thick and Ihort, and pret¬ 
ty tranfparent, for through it I could fee the white heart (which is the 
colour alfo of the bloud in thefe, and moll other Infefts) to beat, and 
feveral other kind of motions. It was belluck and adorn’d up and down 
with feveral tufts of brifles, fuch as are pointed out by P, P, P, P, the 
head Q_was likewife befluck with leveral of thofe tufts, S S S 5 it was 
broad and Ihort, had two black eyes, T T, which I could not perceive at 
all pearl’d, as they afterwards appear’d, and two fmall horns, R R, fuch 
as I formerly defcrib’d. 

Both its motion and reft is very ftrange, and pleafant, and differing 
from thofe of moft other creatures I have obferv’d 5 for, where it ceafes 
from moving its body, the tail of it feeming much lighter then the reft 
of its body,and a little lighter then the water it fwims in, prefently boys 
it up to the top of the water, where it hangs fulpended with the head al¬ 
ways downward $ and like our Antipodes , if they do by a frifk get be¬ 
low that fuperficies, they prefently afcend again unto it, if theyceafe 
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moving, until they tread, as it were, under that fuperficies with their 
tails 5 the hanging of thefe in this pofture, put tne in mind of a cer¬ 
tain creature I have feen in London, that was brought out of America, 
which would very firmly fufpend it felf by the tail, with the head down- 
wards,and was faid to lleep in that pofture, with her young ones in her 
falfe belly, which is a Purfe, provided by Nature for the production, 
nutrition, and prefervation of her young ones, which is defcribcd by Pifi 
in the 24. Chapter of the fifth Book of his Natural Hiftory of BrafiL 

The motion of it was with the tail for wards,drawing its felf backwards, 
by the frifking to and fro of that tuft which grew out of one of the 
ftumps of its tail. It had another motion,which was more finable to that 
of other creatures, and that is, with the head forward 5 for by the moving 
of his chaps fif I may lo call the parts of his mouth) it was able to move 
it felf downwards very gently towards the bottom, and did,as twerc,eat 
up its way through the water. 

But that which was ffloft obfervable in this creature, was, its Meta- 
morphofis or change^for having kept feveral of thele Animals in a Glafs of 
Rain-water,in which they were produc'd, I found,after about a fortnight 
or three weeks keeping, that leveral of them Hew away in Gnats,leaving 
their hulks behind them in the water floating under the lurface, the 
place where thefe Animals were wont to refide, whil’ft they were in¬ 
habitants of the water: this made me more diligently to watch them, to 
fee if I could find them at the time of their transformation 5 and not long 
after, I obferv’d feveral of them to be changed into an unulual fhape, 
wholly differing from that they were of before, their head and body be¬ 
ing grown much bigger and deeper, but not broader, and their belly, or 
hinder part fmaller, and coyfd, about this great body much of the fafhi- 
on reprefented by the prick'd line in the fecond Figure of the 27. Scheme , 
the head and horns now (warn uppermoft, and the whole bulk of the bo¬ 
dy feem’d to be grown much lighter 5 for when by my frighting of it, it 
would by frilking out of its tail (in the manner exprefs'd in the Figure 
by B C) fink it felf below the furface towards the bottom 5 the body 
would more fwiftly re-afeend, then when it was in its former lhape. 

I ftill marked its progrels from time to time,and found its body ftill to 
grow bigger and bigger, Nature, as it were, fitting and accoutring it 
for the lighter Element, of which it was now going to be an inhabitant 5 
for,by obferving one of thefe with my ALicrofcope, I found the eyes of it 
to be altogether differing from what they feem'd before, appearing now 
all over pearl’d or knobb’d, like the eyes of Gnats, as is vifible in 
the fecong Figure by A. At length, I few part of this creature to fwim 
above, and part beneath the furface of the water, below which though 
it would quickly plunge it felf if I by any means frighted it,and prefently 
re-afeend into its former pofture 5 after a little longer expectation, I 
found that the head and body of a Gnat,began to appear and ftand cleer 
above the furface, and by degrees it drew out its leggs, firft the two for- 
moft,then the other,at length its whole body perfect and entire appear’d 
out of the hufk (which it left in the water) (landing on its leggs upon 

C c 2 the 


i88 


Micrographia, 

the top of the water, and by degrees it began to move, and after flew 
about the Glafs a perfeft Gnat. 

I have been the more particular, and large in the relation of the trans¬ 
formation of divers of thefe little Animals which I obferv’d, becaule I 
have not found that any Authour has oblcrv’d the like 3 and becaufe the 
thing it felf is fo ftrange and heterogeneous from the dual progrefs of 
other Animals, that I judge it may not onely be pleafant, but very 
ulefull and neceflary towards the compleating of Natural Hiftory. 

There is indeed in Pz/ 3 , a very odd Hiftory, which this relation may 
make the more probable3 and that is in the 2. Chapter of the 4. Book of 
his Natural Hiftory of Brafd, where he fays 0 Porro prater tot document a fer- 
tilitatis circa, vegetabilia&fenfitiva marina telluris £mula^accidit & illud , 
quodpaucis a Paranambucenfi milliaribus fife at oris uncum citra intentionem 
contingat infigi vadispetrofisloco pifcis Jpongia^corallafiiafque arbufculas 
marinas capi> Inter hcec i nufit at £ forma prodit Jpongiofi arbufculafifquipedis 
longitudinis , brevioribns radicibus , lapideis nitens vadis , & rupibus infixa , 
erigiturque in corpus fiongiofum molle oblongum rotundum turbinatum: intus 
miris cancellis & alveisfabricatum , extus autem ten act glutine injlar Apum 
propolis undique vejlitum , ojlio fit is pat it lo & prof undo in fummitate refill o 3 
ficut ex altera iconum probe depi&a videre licet (fee the third and fourth 
Figures of the 27. Scheme .) It a ut Apiarium marinum vere dixeris 5 pnmo 
etnm intuitu £ Mare ad Terr am delatum^vermiculis fcatebat caruleis parvis , 
qui mox a calore folis inMuJcas^vel Apespotius^eafq 3 exiguas & nigras tranfi 
formebantur , circumvolantefque evanefcebantjta ut de eorum mellificatione 
nihil certi confpici datum fuerit , cum tamen carofa materia propolis Apum- 
que cell<e manifefle apparerentfique ipfi mellis qualifcunque fubfiantiaprocul - 
dubio urinatoribus pat.ebit , ubi curiojius inquijiverint h<ec apiaria 3 eaque in 
natali folo & filo diverjis temporibus penitius lujlrarint. 

Which Hiftory contains things (ufficiently ftrange to be confiderd, as 
whether the hulk were a Plant, growing at the bottom of the Sea before, 
of it lelf, out of whofe putrifa&ion might be generated thefe ftrange kind 
of Magots 5 or whether the feed of certain Bees, finking to the bottom, 
might there naturally form it (elf that vegetable hive, and take root 3 
or, whether it might not be placed there by fome diving Fly 3 or, 
whether it might not be (ome peculiar propriety of that Plant,whereby 
it might ripen or form its vegetable juice into an Animal fubftance 3 or, 
whether it may not be of the nature of a Sponge, or rather a Sponge of 
the nature of this, according to fome of thofe relations and<con jeCbures I 
formerly made of that body, is a matter very difficult to be determined. 
Butindeed,in this defcription,the Excellent Pifi has not been fufficiently 
particular in the fetting down the whole procefs, as it were to be wiftf d: 
There are indeed very odd progrefles in the production of feveral kinds 
of Infe&s, which are not lefs inftru&ive then plea(ant, feveral of which, 
the diligent Goedartius has carefully obferv’d and recorded, but among 
all his Observations, he has none like this, though that of the Hemerobius 
be (omewhat of this kind, which is added as an Appendix by Johannes 
Mey. 

I have 
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I have, for my own particular, befides feveral of thole mention'd by 
him, obferv’d divers other circumftances,perhaps, not much taken notice 
of, though very common, which do indeed afford us a very coercive argu¬ 
ment to admire the goodnefs and providence of the infinitely wile Crea¬ 
tor in his moft excellent contrivances and difpenfatioris.1 have obferv’d,at 
feveral times of the Summer,that many of the leaves of divers Plants have; 
been fpotted,or, as it were fcabbed, and looking on the underlines, of 
thofe of them that have been but a litte irregular, I have perceiv ? d them 
to be Iprinkled with divers forts of little Eggs,which letting. alone,I hajvef 
found by degrees to grow bigger, and become little Worms with leggs, 
but Hill to keep their former places,and thole places of the leaves,of their 
own accords, to be grown very protuberant,upwards, and very hollovy* 
and arched underneath, wherehy thofe young creatures are, as it were* 
fhelter’d and houfed from external injury y divers leaves I have obferv’d 
to grow and fwell fo fair, as at length perfectly to inclofe the Animal* 
which, by other obfervations I have made, I ghefs to contain it, and be¬ 
come, as it were a womb to it, fo long, till jt, be fit and prepar’d to be 
tranllated into another date, at what time, like (what they lay of) Vi¬ 
pers, they gnaw their way through the w 7 omb?that bred them y divers of 
thefe kinds I have met with upon Goofberry leaves, Rofertree leaves* 
Willow leaves, and many other kinds. : ‘ , ffI .. •?, . •.;> 

There are often to be found upon Rofe-trees and Brier hufhes, little., 
red tufts,which are certain knobs or excrefccncies,growing out from the> 
Rind, or barks of thofe kinds of Plants, they are cover’d ^itfi ftrange. 
kinds of threads or red hairs, which feel very loft* and, lookmot unple^rr 
fantly. In moft of thefe, if it has no hole in :you lhall findfeertain: litfil^ 
Worms, which I fuppofeto be the caufes of.their production.;, for \yfieni 
that Worm has eat its way through, they, having performed ( what they i 
were defign’d by Nature to do, by degrees die anff wither ^\yay.. • ) : ,[j 
Now,the manner of their production,! fuppofejto be thus-jtfiat the A 1 - 
wife Creator has as well implanted in every creature a faculty, of knowr f 
ing what place is convenient for the hatching,, nutrition, and ; prcfervati- 
on of their Eggs and of-fprings ; whereby they, are ftimulatedand;direCteih 
to convenient places, which becom, as ’twere jhe wombs that perform* 
thofe offices : As he has alio fuited and adapted. a property to thofe 
places wherby they grow and inclofe thofe feeds, and havipg incloled/' 
them, provides convenient nourifhment for.them, but as foon a>\ they; 
have done the office of a womb, they die anef^t^fr* , ; . rr , n ..... m r. 
The progress of inclofure I have often obfefv'd in leaye^,pwhicji ip 
thofe places where thofe feeds have been caft, have by degree^fw^ll’di 
and inclos’d them, fo perfectly round, as not, to leave any perceptible* 
paffage out. " j ; .... yfa 

From this lame caufe, I fuppofe that Galls, Oak-apples, and. leveral 
other productions >of that kind,upon the branches and leayesjpf Trees, 
have their original j for if you open any of them, when alniofttip^j JfQR 
(hall find a little Worm in therp. Thus, if .ypu .ppen never m^py ; dry, 
Galls, you (hall find either a hole whereby the Worm has eaf >hs ?pafiag$ 
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CUt 5 or if you find no paflage, you may,by breaking or cutting the Gall, 
find in the middle of it a fmall cavity, and in it a fmall body, which does 
plainly enough yet retain a fhape, to manifefc it once to have been a 
Worm, though it dy’d by a too early reparation from the Oak on which 
it grew,its navel-ftring,as twere,being broken off from the leaf or branch 
by which the Globular body that invelop d it, received its nourifhment 
from the Oak. 

And indeed,if we confider the great care of the Creator in the difpen- 
fatfons of his providences for the propagation and increafe of the race,not 
ortely of all kind of Animals, but even of Vegetables, we cannot chufe 
but admire and adore him for his Excellencies, but we (hall leave off to 
admire the creature, or to wonder at the ftrange kind of afting in feveral 
Animals, which feem to favour fo much of realbn 5 it feeming to me moft 
iftanifefl,that thofe are but aftings according to their ftruftures, and fuch 
operations as fuch bodies, fb compos’d, muft neceflarily, when there are 
fuch and fuch circumftances concurring, perform: thus,whenwe find Flies 
fwarming,about any piece offlefh that does begin a little to ferment^But- 
terflies about Colworts,and feveral other leaves,which will ferve to hatch 
and nourifh their young 5 Gnats, and feveral other Flies about the Wa¬ 
ters, and marifhy places,or any other creatures, feeking and placing their 
Seeds in convenient repofitories, we may, if we attentively confider and 
examine it, find that there are circumftances fufficient,upon the fuppofals 
of the excellent contrivance of their machine,to excite and force them to 
aft after fuch or fuch a manner 5 thofe fteams that rife from thefe feveral 
places may, perhaps, let feveral parts of thefe little Animals at work,even 
as in the contrivance of killing a Fox or Wolf with a Gun, the moving 
of a firing, is the death of the Animal $ for the Beaft, by moving the flefh 
that is laid to entrap him, pulls the firing which moves the rrigger, and 
that lets go the Cock which on the fteel ftrikes certain fparks of fire 
which kindle the powder in the pann, and that prefently flies into the 
barrel, where the powder catching fire rarifies and drives out the bullet 
which kills the Animal 5 in all which aftions, there is nothing of intention 
or ratiocination to be aferib’d either to the Animal or Engine, but all to 
the ingenioufnefs of the contriver. 

But to return to the more immediate eonfideration of our Gnat: 
We have in it an Inftance, not ufual or common,iof a very flange awpfo* 
lions creature, that being a creature that inhabits the Air, does yet pro¬ 
duce a creature, that for fome time lives in the water as a Filh, though 
afterward (which is as ftrange) it becomes an inhabitant of the Air, like 
its$ire,in the form of a Fly. And this, me thinks, does prompt me to pro- 
pole certain conjeftures, as Queries, having not yet had fufficient oppor¬ 
tunity and leifure to anfwer them my felf from my own Experiments 
OrObfervations. 

And the firft is. Whether all thofe things that we luppofe to be bred 
from corruption and putrifaftion, may not be rationally fuppos’d to have 
their origination as natural as thefe Gnats, who, 'tis very probable, 
were firft dropt into this Water, in the form of Eggs, Thofe Seeds or 
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Eggs muft certainly be very final], which fo fmall a creature is a Gnat 
yiejds, and therefore- we need not wonder that we find not the Eggs 
themfelves, fome of the younger of them, which I have obferv’d, having 
not exceeded a tenth part of the bulk they have afterwards come to 3 and 
next,I have obferved fome ofthofe little ones which muff have been gene¬ 
rated after the Water was inclofed in the Bottle, and therefore moft pro¬ 
bably from Eggs, whereas thole creatures have been fuppos'd to be bred 
of the corruption of the Water, there being not formerly known any 
probable w r ay how they fhould be generated. 

A fecond is, whether thefe Eggs are immediately dropt into the Water 
by the Gnats themfelves, or, mediately, are brought down by the falling 
rain 3 for it feems not very improbable,but that thofe fmall feeds of Gnats 
may (being, perhaps, of fo light a nature, and having fo great a propor¬ 
tion of furface to fo fmall a bulk of body) be ejefted into the Air, and 
fo, perhaps, carried for a good while too and fro in it, till by the drops 
of Rain it be wafh’d out of it. 

A third is, whether multitudes of thole other little creatures that are 
found to inhabit the Water for fome time, do not, at certain times, take 
wing and fly into the Air, others dive and hide themfelves in the Earth, 
and fo contribute to the increafe both of the one and the other Element. 

Pojifcript. . 

A good while fince the writing of this Defcription, I was prefented by 
Doctor Peter Pall , an ingenious Member of the Royal Society^ 1 ith a little 
Paper of Nuts, which he told me was lent him from a Brother of his out 
of the Countrey,from Mamheacl in Devonjhire , fome of them were loole, 
having been, as I fuppofe, broken off, others were Bill growing faff on 
upon the Aides of a flick, which Teem'd by the bark, pliablenefs of it, and 
by certain Brings that grew out of it, to be fome piece of the root of 
a Tree 3 they were all of them dry'd, and a little Ihrivell'd, others more 
round, of a brown colour 3 their fhape was much like a Figg, but very 
much fmaller,lome being about the bignels of a Bay-berry .others,and the 
biggeft, of a Hazel-Nut. Some of thefe that had no hole in them, I care¬ 
fully opened with my Knife, and found in them a good large round white 
Maggot, almofl as bigg as a fmall Pea, which leem'd fliap'd like other 
Maggots, but fhorter. I could not find them to move, though I ghels'd 
them to be alive, becaule upon pricking them witha Pinn, there W 7 ould if 
fue out a great deal of white mucous matter,which Teem'd to be from a vo¬ 
luntary contra&ion of their Ikin 3 their hulk or matrix conlifted of three 
Coats,like the barks of Trees, the outermoft being more rough and Ipon- 
gie, and the thickeft, the middlemoft more clofe, hard, white, and thin, 
the innermoft very thin,feeming almofl like the Ikin within an Egg's (hell. 
The two outermoft had root in the branch or flick, but the inneriiiofl: 
had no Bern or procels, but was onely a Ikin that cover’d the cavity of 
the Nut. All the Nuts that had no holes eaten in them, I found to con¬ 
tain thefe Maggots, but all that had holes, I found empty, the Maggots, 
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it feems, having eaten their way through, taken wings and flown away, 
as this following account (which I receiv'd in writing from the fame per- 
fon, as it was lent him by his Brother) manifefts. In a moorifh blacky 
Teaty mouldy with fome fmall veins of whitifi yellow Sands , upon occafion 
of digging a hole two or three foot deep , at the head of a Fond or Pool , to 
Jet a Tree in , at that depths were founds about the end of OClober 1663. in 
thofe very veins of Sand , thofe Buttons or Nuts , flicking to a little looje 
fiick^* that is 3 not belonging to any live Tree* and fotne of them alfo free by 
themfelves . 

Four or five of which being then open d , fame were found to contvin 
live Infetts come to perfection* mojl like to flying Ants-, if not the fame 5 in 
others , Infills 3 yet imperfeff* having but the head and wings form'd* the rejl 
remaining afoft white pulpy fubjlance. 

Now,as this furnilhes us with one odd Hiftory more,very agreeable to 
what I before hinted, fo I doubt not, but were men diligent obfervers, 
they might meet with multitudes of the fame kind, both in the Earth and 
in the Water, and in the Air, on Trees, Plants, and other Vegetables, all 
places and things being,as it wer e.animarum plena. And I have often,with 
wonder and pleafure,in the Spring and Summer-time, look'd clofe to,and 
diligently on, common Garden mould, and in a very fmall parcel of it, 
found liich multitudes and diverfities of little reptiles fio me in hufks,others 
onely creepers, many wing'd, and ready for the Air 5 divers hufks or ha¬ 
bitations left behind empty. Now, if the Earth of our cold Climate be lo 
fertile of animate bodies, what may we think of the fat Earth of hotter 
Climates ? Certainly,the Sun may there, by its a&ivity, caufe as great a 
parcel of Earth to fly on wings in the Air, as it does of Water in fleams 
and vapours. And what fwarms muft we fuppofe to befentout of thofe 
plentifull inundations of water which are poured down by the lluces of 
Rain in fuch vaft quantities ? So that we need not much wonder at thofe 
innumerable clouds of Locufts with which Africa , and other hot coun¬ 
tries are (b peltred, fince in thofe places are found all the convenient 
caufesof their production, namely, genitors, or Parents, concurrent re¬ 
ceptacles or matrixes,and a lufficient degree of natural heat and moifture. 

I was going to annex a little draught of the Figure of thofe Nuts fent 
out of Devonfiire , but chancing to examine Mr. Farkjnfons Herbal 
for fomething elfe, and particularly about Galls and Oak-apples, I found 
among no lels then 24. feveral kinds ofexcrelcencies of the Oak, which I 
doubt not,but upon examination,will be all found to be the matrixes of 
(b many feveral kinds of InfeCls 5 I having obferv'd many of them my felf 
to be fo,among 24/feveral kinds, I fay,I found one delcribed and Figur'd 
direCHy like that which I had by me,the Scheme is there to be feen,the de- 
feription, becaufe but fhort, I have here adjoin’d Theatri Eotanici trib.16 . 
Chap . 2. There growcth at the roots of aid Oaks in the Spring-time , and 
femetimes alfo in the very heat of Summer , a peculiar kind of Afujhrom or 
Excrefcence , call'd Uva Quercina, (welling out of the Earth , many growing 
one clofe unto another , of the fafjion of a Grape , and therefore took, 
the name , the Oak-Grape, and is of a Pnrplifh colour on the outfide , 
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and white within like Mil 4 , and in the end of Summer hecometh hard 
and woody. Whether this be the very lame kind, I cannot affirm, but 
both the Picture and Delcription come very neer to that I have, 
but that he feems not to take notice of thehollownelsor Worm, for 
which ’tis moft obfervabie. And therefore ’tis very likely*, if men 
did but take notice, they might find very many differing Species of thefe 
Nuts, Ovanes , or Matrixes , and all of them to have much the fame 
defignation and office. And I have very lately found leveral kinds of Ex- 
crefcencies on 1 rees and Shrubs, which having endured the Winter, Up¬ 
on opening them, I found moft of them to contain little Worms, but 
dead, thofe things that contain’d them being wither’d and dry. ; • > 
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T His little creature was one of thofe multitudes that fill our tngtij 
air all the ti me that warm weather lafts, and is exadfly of the fhape 
of that I oblerv’d to be generated and hatch’d out of thole little Inle<ft$ 
that wriggle up and down irr Rain-water. Butfthough many were of this 
form, yetloblerv’d others to be of quite'other kinds 5 nor were all 
of this or the ether kind generated out of Water Inlets 5 for whereas f 
obferv’d that thofe that proceeded from thofe Infefrs were at their full 
growth, I havealfo found multitudes of the lame fhapc,but much fmaller 
and tenderer feeming to be very young ones, creep up and downtipon 
the leaves of Trees, and flying up and down in fma 11 chillers, in places 
very remote from water, andthis Spring, I obferv done day,'when the 
Wind was very calm, and the afternoon very fair, and pretty Warni, 
though it had for a long time been very cold weather, and the wind con¬ 
tinued 1 H 11 in the Eaft, feveral fmall fwarms of them playing to and fr6 
in little clouds in the Sun, each of which were not a tenth part of thb 
bignefs of one of thefe I here have delineated, though very much of the 
fame fhape, which makes me ghefs, that each of thefe fwarms might be 
the of-lpring of ont onely Gnat, which had been hoorded up infome lafe 
repofitory all this Winter by fomc provident Parent, and were hovr, by 
the warmth of the Spring-air, hatch’d into little Flies. ■ ' 

And indeed, lo various, and feemingly irregular are the generations 0t 
productions of Inleds, that he that fhall careftilly and diligently obfervb 
the leveral methods of Nature therein, will have infinitely'eaufefiirther 
to admire’the wifdom and providence of the Creator 5 for hot bhelythfe 
fame kind of creature may be produc’d frorti feveral kinds ofWays, blit 
the very lame creature may produce feveral kinds i For,as‘di^ers Watches 
may be made out bf feveral materials, which may yet hav£ all 1 the lame 
appe.arance,and move after the fame manner,that is,fhew the frbur 
true, the one as the other, and out of the fame kind of matter, f! lik6 
Watches,may be wrought differing ways} and,iis one and the feme Watch 
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may5 by being diverfly agitated, or mov’d,by this or that agent, r or after 
this or that manner, produce a quite contrary effect: So may it be with 
theie moft curious Engines^ Infeft’s bodies:, the All-wife God of Nature, 
may have fo ordered and difpofed the little Automatons , that when nou* 
rilhed, afted, or enlivened by this caufe, they produce one kind of effect, 
or animate fhape, when by another they aft quite another way, and ano¬ 
ther Animal is produc’d. So may he lo order feveral materials, as to 
make them,by feveral kinds of methods, produce fimilar Automatons . 
f But to come to the Defcription of this Infeft,as it appears through a Mi- 
trofcope ,of which a reprefcntation is made in the 28 .Scheme. Its head A, is 
exceeding fmall, in proportion to its body, confiding of two clufters of 
pearl'd eyes B B, on each fide of its head, whole pearls or eye-balls are 
curioully rang’d like thofe of other Flies, between thefe,in the forehead 
of it, there are plac’d upon two fmall black balls, C C, two long jointed 
horns, tapering towards the top, much refembling the long horns of 
Lobfters, each ofwhofe ftems or quills, DD, were brifled or brufhed 
with multitudes of fmall ftiff hairs, ifiuing out every way from the leve- 
ral joints, like the firings or Iproutings of the herb Horje-tail , which is 
oft obferv’d to grow among Corn, and for the whole fhape, it does very 
much refemble thofe brujhy Vegetables $ befides theie, there are two other 
jointed and brifled horns, or feelers, E E, in the forepart of the head, and 
a probojfjf^ F, underneath,which in fome Gnats are very long, ftreight 
hollow pipes, by which thefe creatures are able to drill and penetrate 
the fkin, and|thence, through thofe pipes fuck fo muchbloudastoftuff 
their bellies fo full till they be ready to burft. 

This fmall head,with its appurtenances,is faftned on by a (hort neck,G, 
to the middle ofthe thorax , which is large, and leems caled with a ftroug 
black fhel,H IK, out of the under part of which, ifiue fix long and Gender 
legs, L L L L L L, Ihap’d juft like the legs of Flies, but Ipun or drawn out 
longer and fienderer,which could not be exprels’d in the Figure,becaule 
of their great length 5 and from the upper part, two oblong, but Gender 
tranfparent wings, M M, lhaped fomewhat like thole of a Fly,underneath 
each of which, as I have oblerv’d allb in divers forts of Flies, and other 
Jkinds of Gnats, was placed a Imalft body, N, much refembling a drop 
of fome tranfparent glutinous fubftance, hardned or cool’d, as it was al- 
moft ready to fall, for it has a round knob at the end, which by degrees 
grows Genderer into a fmall ftem.and neer the infertion under the wing, 
this ftem again grows bigger} thefe. little Tendnlums ,as I may fo call them, 
the litle creature vibrates to and fro very quick when it moves its wings, 
and I have fometimes obferv’d it to move them allb, whil’ft the wing lay 
ftill, but always their motion feem’d to further the motion of the wing 
ready to follow^ of what ule they are, as to the moving of the wing, or 
Otherwile ? I have not now time to examine. 

Its belly waslarge,asit is ufually in all Infefts, and extended into nine 
lengths or partitions, each of which was cover’d with round armed rings 
or (hells 5 fix of which, OP QR S T were tranlparent, and divers kinds 
o fperifiafth^ motions might be very eafily perceiv’d, whil’ft the Animal 
c’.'fcrn was 
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Was alive, but efpecially a fmall cleer white part V, teemed to beat like 
the heart of a larger Animal. The laft three divifios, WXY, were co¬ 
ver’d with black and opacous fhells. To conclude, take this creature 
altogether, and for beauty and curious contrivances, it may be compared 
with the largeft Animal upon the Earth. Nor doth the Alwife Creator 
feem to have (hewn lcfs care and providence in the fabrick of it, then in 
thote which feem riioft conlidcrable. 


Obferv. XL V # Of the great Belly d Gnat or female Gnat< 

T Hefecond Gnat, delineated in the twenty ninth Scheme^ is of a 
very differing fhape from the former,but yet of this fort alfo,I found 
feveral of the Gnats, that were generated out of the Water Intedt: the 
wings of this, were much larger then thote of the other, and the belly 
much bigger, fhorterand ofan other fhape 3 and, from teveral particu¬ 
lars, 1 gheff it to be the Female Gnat, and the former to be the Male. 

The thorax of this, was much like that of the other,having a very terong 
and ridged back-piece, which Went alfoon either fide of its leggs, about 
the wings there were feveral joynted pieces of Armor, which teem’d cu- 
rioully and conveniently contriv’d, for the promoting and firengthning 
the motion of the wingsdts head was much differing from the other,being 
much bigger and neater (hap’d, and the horns that grew out between his 
eyes on two little balls, were of a very differing fhape from the tufts of 
the other Gnat, thefe having but a few knots or joynts, and each of 
thote but a few, and thote fhort and ftrong, brilles. The formofi: horns 
or feelers, were like thote of the former Gnat. 

One of thete Gnats I have fuffer’d to pierce the (kin of my hand, with 
its probofeis, and thence to draw out as much blood as to fill its belly 
as full as it could hold, making it appear very red and tranfparent 3 and 
this without any further pain, then whil ft it was finking in its probofeis , as • 
it is alfo in the hinging of Fleas: a good argument, that thete creatures 
do not wound the fkin, and fuck the blood out of enmity and revenge, 
but for meer neceffity, and to fatisfy their hunger. By what means this 
creature is able to fuck, we fhall fhew in another place. 

I . ' 


Obferv. XL VI* Of the white featherwingd Moth or Tineai 
Argentea. 

T His white long wing’d Moth, which is delineated in the 30 .Scheme^ 
afforded a lovely objedt both to the naked Eye,and through a Mi- 
crofc&pe : to the Eye it appear’d a fmall Milk white Fly with four white 
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Wings 3 the two formod (omewhat longer then the two hindermoft 3 and 
the two fhorter about half an Inch long, each of which four Wings feem’d 
to confid of twofmall long Feathers, very curioufly tufted, or haired oh 
each fide, with purely white, and exceedingly fine and fmall Haires, pro¬ 
portion’d to the dalks or Items, out of which they grew, much like the 
tufts of a long wing-feather of feme Bird, and their (talks or (terns were, 
like thofe, bended backwards and downwards, as may be plainly feen by 
the draughts of them in the Figure. 

Obferving one of thefe in my Microfcope ^ I found,in the fird place, that 
all the Body ,L egs, Horns and the Stalks of the Wings, were covered over 
with various kinds/of curious white Feathers, which did, with handling 
or touching, eahly rubb off and fly about, in fo much that looking on my 
Fingers, with which I had handled this Moth, and perceiving on them lit¬ 
tle white fpecks, I found by my Microfcope , that they were feveral of the 
(mall Feathers of this little creature, that (fuck up and down in the m- 
gofties of my Skin. 

Next, I found that underneath thefe Feathers, the pretty Infed: was co¬ 
vered all over with a cruded Shell, like other of thofe Animals, but with 
one much thinner and tenderer. 

Thirdly, I found, as in Birds alfo is notable, it had differing and ap¬ 
propriate kinds of Feathers, that covered feveral parts of its body. 

Fourthly, furveying the parts of its body, with a more accurate and 
better Magnifying Microfcope , I found that the tufts or haires of its Wings 
wefe nothing elfe but a congeries, or thick fet duller of fmall zrimina or 
twiggs, refembling a fmall twigg of Birch, ftript or whitned, with which 
Brufhcs are ufually made, to beat out or brufh off the dud from Cloth 
and Hangings. Every one of the twiggs or branches that compofed the 
Bru(h of the Feathers, appeared in this bigger Magnifying Glals (of which 
E F which reprefents part of an Inch, is the fcale, as G is of the Iefler, 
which is only 3) like the figure D. The Feathers alfo that covered a 
part of his Body, and were interfperfed among the brufh of his Wings, 1 
found,in the bigger Magnifying Glals, of the fhape A, confiding of a dalk 
or dem in the middle, and a feeming tuftednefs or brufhy part on each 
fide. The Feathers that cover’d mod part of his Body and the dalk of 
his wings, were,in the (ame Microfcope , much of the figure B, appearing of 
the fhape of a (mail Feather, and feemed tufted : thofe which covered 
the Horns and fmall parts of the Leggs, through the (ame Microfcope, ap¬ 
pear’d of the fhape C. Whether the tufts of any or all of thefe fmall 
Feathers, confided of fuch component particles as the Feathers of Birds, 
I much doubt, becaufe I find that Nature does not alwaies keep, or ope¬ 
rate after the (ame method , in fmaller and bigger creatures^ ; And 
of this, we have particular Indances in the Wings of feveral creatures. 
For whereas, in Birds of all kinds, itcompofes each of the Feathers of 
which its Wing confids, of fuch an exceeding curious and mod admirable 
and dupendious texture, as I elfe where (hew, in the Obfervations on a 
Feather, we find it to alter its method quite, in the fabrick of the Wings 
of thefe minute creatures, compofing fome of thin extended membranes 
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6r (kins, (uch as the Wings of Dragon-flys 5 in others, thofe fkins are all* 
over-grown, or pretty thick beftuck, with (hort briftes, as in Flelh-fiies 3 
in others, thofe filmcs are covered, both on the upper and under fide, f 
with fmall Feathers, plac’d almoft like the tyles on a Houle, and are 
curioufly rang’d and adorn’d with moft lively colours, as is ob- 
fervable in Butter-flies, and feveral kinds of Moths 3 In others, inftead of 
their films. Nature has provided nothing, but a matter of half a. (core 
ftalks(if I well remember the number^ for I have not lately met .with any* 
of thefe flys, and did not,when I firft obferv’d them, take fufficient notice 
of divers particulars^) and each of thefe ftalks, with a few Angle branch¬ 
ings on each fide, refembling much the branched back-bone of a Herring 
Or the like Fifh, or a thin hair’d Peacocks feather, the top or the eye 
being broken off With a few of thefe on either (idefwhich it was able to 
Ihut up or expand at plealure, much like aFann, or rather like the po- 
fture of the feathers in awing, which ly all one under another, when 
fhut, and by the lide of each other, when expanded) this pretty little 
grey Moth (for fuch was the creature I obferv’d, thus wing’d) could ve¬ 
ry nimbly, and as it feem’d very ealily move its corpufcle , through the 
Air,from place to place. Other InfetSs have their wings cas’d b or cover’d 
over,with certain hollow fhells, lhap’d almoft like thofe hollow Trayes, 
in which Butchers carry meat, whofe hollow fides being turn’d down¬ 
wards, do not only fecure their folded wings from injury of the earth, 
in which moft of thofe creatures refide, but \yhilft, they fly^ fervesasA 
help to luftain and bear them up. And thefe are obfervablein sdarhb&et 
and a multitude of other terreftrial crujiaceous Infe&s 5 in which w^ may 
yet further obferve a particular providence of Nature. 

Now in all thefe kinds of wings, we obferve this particular, as a thing 
moft worthy remark 3 that where ever a wing confifts of difeontimfed 
parts, the Pores or interjlitia between thofe parts are very feldom, either 
much bigger*,or much fmaller, then thefe which we here find between the 
particles of thefe brufhcs, fo that it fhould feem to intimate, that the 
parts of the Air are fuch, that they will not eafily or readily, if at all, pals 
through thefe Pores, fo that they feem to be ftrainers fine enough to hin¬ 
der the particles of the Air (whether hinder’d by their bulk, or by their 
agitation , circulation , rotation or undulation , I fhall not here determine) 
from getting through them,and,by that means,ferve the Animal as well.if 
not better, then if they were little films. I lay, if not better, becaufe I 
have obferv’d that all thofe creatures, that have film’d wings, move them 
aboundantly quicker and more ftrongly,luch as all kind of Flies and Sofa 
rabees and Batts, then fuch as have their wings covered with feathers, a^ 
Butter-flies and Birds, ortwiggs, as Moths, which have each of them a 
much flower motion of their wings 3 That little ruggednefs perhaps of 
their wings helping them fomewhat,by taking better hold of the parts of 
the Air, or not fuffering them fo eafily to pals by, any other way then one. 

But what ever be the reafon of it, tis moft evident, that the lrriootft 
wing’d Infers have the ftrongeft Mufcles or movent parts of their wings,; 
and the other much weaker 3 and this very Infect, we are now qfefcribing* 

had 
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hid a very fmall thorax or middle part of his body, if compar'd to the 
length and number of his wings 5 which therefore, as he mov’d them ve¬ 
ry Uowly,fo muft he move them very weakly. And this laft propriety do 
we find fomewhat obferv’d alfo in bigger kind of Flying creatures,Birds * 
lb that we lee that the Wifdom and Providence of the All-wile Creator, 
is not lefs fhewn in thefe fmall defpicable creatures. Flies and Moths, 
which we have branded with a name of ignominy, calling them Vermine, 
then in thofe greater and more remakable animate bodies. Birds. 

I cannot here hand to add any thing about the nature of flying, 
though, perhaps, on another occafion, I may fay lomething on that fub- 
jie<fl, it being fuch as may defer ve a much more accurate examination and 
ferutiny then it has hitherto met with 5 For tome* there ieems nothing 
Wanting to make a man able to fly, but what may be eafily enough fup- 
ply’d from the Mechanicks hitherto known, fave onely the want of 
ftrength, which the Mufcles of a man feem utterly uncapable of, by rea- 
fon of their fmalnefs and texture, but how even flrength alfo may be me¬ 
chanically made, an artificial Mulcle fo contriv d,that thereby a man (hall 
be able to exert what ftrength he pleafes, and to regulate it alfo to his 

own mind, I may elfewhere endeavour to manifeft. 

.•r/rnf w . ■ • ' .• i r ; 


Obferv. XLVII. Of the Shepherd Spider, or long leggd 
Spider. 

T He Carter,Shepherd Spider,or long-legg’d Spider,has, for two parti¬ 
cularities, very few fimilar creatures that I have met with, the firft, 
which is difcoverable onely by the Microfiope , and is in the firft and fe- 
con d Figures of the 31 .Scheme, plainly deferib’d, is the curious contri¬ 
vance of his eyes, of which (differing from moft other Spiders) he has 
onely two, and thofe plac’d upon the top of a fmall pillar or hillock,rifing 
out of the middle of the top of its back, or rather the crown of its head, 
for they were fix’d on the very top of this pillar (which is about the 
heighth of one of the tranfverfe Diameters of the eye, and look’d on in 
another pofture,appear’d much of the fhape, BCD) The two eyes, • B B, 
were placedback to back, with the tranfparent parts,or the pupils, look¬ 
ing towards either fide, but fomewhat more forward then backwards. 
C was the column or neck on which they flood, and D the crown of the 
head out of which that neck fprung. 

Thefe eyes,to appearance, feem’d to be of the very fame ftru&ure with 
that of larger binocular creatures, feeming to have a very fmooth and ve¬ 
ry protuberant Cornea ^and in the midft of it to have a very black pupil, 
incompafled about with a kind of grey Iri f, as appears by the Figure $ 
whether it were able to move thefe eyes to and fro, I have not obferv’d, 
but ’tis not very likely he fhould,the pillar or neck C, feeming to be co¬ 
ver’d and fliffen’d with a crufty (hell 5 but Nature,in probability,has fiip- 






Schem XXXI 







































































MiCROGRAPHIA. 

ply’d that defett, by making the Cornea lo Very protuberant, and fctting 
it fo cleer above the lhadowing or obftru&ing of its profpedc by the body;, 
that ’tis likely each eye may perceive,though not fee diftin&ly, almoft a 
Heniijphere^ whence having lo fmall and round a body plac’d upon fuch 
long leggs, it is quickly able lb to wind, and turn it, as to fee any thing 
diftintt. This creature, as do all other Spiders I have yet examin’d, does 
very much differ from moft other Infe&s in the Figure of its eyes } for 
I cannot, with my bed: A/icro/cope, difcover its eyes to be any ways 
knobb’d or pearl’d like thofe of other Infedts. 

The fecond Peculiarity which is obvious to the eye, is alfo very re-* 
markable, and that is the prodigious length of its leggs, in proportion to 
its fmall round body, each legg of this I drew, being above fixteen times 
the length of its whole body, and there are fome which have them yet 
‘ longer, and others that feem of the fame kind,that have them a great deal 
Ihorter} the eight leggs are each of them jointed, juft like thole of a 
Crab, but , every of the parts are- fpun out prodigioully longer in pro* 
portion} each of thefe leggsare terminated in a ImaU cafeor lhell,lhap’d 
almoft like that of a Mulle-fhelJ, as is evident in the third Figure of the 
fame Scheme (that reprefents the appearance of the under part or belly 
ofthe creature) by the Ihape of the protuberant conical body, 1111, 
Thele are as ’twere plac'd or faften’d on to the protuberant body of the 
InfedjWhich is to be fuppos’d very high at M, making a kind of blunt cone 
whereof M is to be fuppos’d the Apex, about which greater cone of the 
body,the fmaller cones of the leggs are plac’d,each of them almoft reach¬ 
ing to the top in fo admirable a manner, as does not a little manifeft the 
wifdom of Nature in the contrivance 5 for thefe long Leavers (as 1 may lo 
call them)of the legs,havingnot the advantage ofa long end on the other 
fide of the hypomochlion or centers on which the parts of the leggs move, 
muft neceflarily require a vaft ftrength to move them, and keep the 
body ballanc’d and lufpended, in lo much, that if we fhould fuppole a 
man’s body lufpended by fuch a contrivance, an hundred and fifty 
times the ftrength of a man would not keep the body from falling on the 
breaft. To fupply therefore each of thele leggs with its proper ftrength. 
Nature has allow’d to each a large Cheft or Cell, in which is included a 
very large and ftrong Mufcle, and thereby this little Animal is not onely 
able to lufpend its body upon lels then thefe eight, but to move it very 
Jwiftly over the tops of grals and leaves. . f ( 

Nor are thele eight leggs (b prodigioully long, but the^ rtinth,'~and 
tenth, which are the two claws, K K, are as lhort,and ferve in fteed of a 
probofcis , for thole feem’d very little longer then his mouth} each of them 
had three parts, but very fhort. the joints K K, which reprelented 
the third, being longer then both the other. This creature, Teems 
(which I have feveral times with pleafure obferv’d) to throw its body 
upon the prey, infteed of its hands, not unlike a hunting Spider, which 
leaps like a Cat at a Moufe. The whole Fabrick was a very jtfettyone, 
and could I have difle&ed it,I doqb^npt but I (hould have found .^ma¬ 
ny lingularities within it as without,perhaps, for the moft part,not unlike 
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the parts of a Crab, which this little creature does in many things, very 
much refemble, the curiofityof whofe contrivance,I have in another place 
examin’d. I omit the defeription of the horns, A A, of the mouth, L L, 
which leem’d like that of a Crab 5 the fpecklednefs of his (hell, which 
proceeded from a kind of feathers or hairs, and the hairinefs of his leggs, 
his large thorax and little belly, and the like, they being manifefted by 
the Figure 5 and (hall onely take notice that the three parts of the body, 
namely, the head,breaft,and belly,are in this creature ftrangely confus d, 
(o that ’tis difficult to determine which is which,as they are alfo in a Crab 5 
and indeed, this feemsto be nothing elie, but t an Air-crab, being made 
more light and nimble, proportionable to the medium wherin it refides 5 
and as Air feems to have but one thoulandth part of the body of Water,fo 
does this Spider feem not to be a thoufandth part of the bulk of a Crab. 


Obferv. X L V111. Of the hunting Spider y andfever al other forts 
of Spiders. 

npHe hunting Spider is a (mall grey Spider, prettily befpeck’d with 
black (pots all over its body, which the Microfcopc dilcovers to be a 
kind of feathers like thofe on Butterflies wings, or the body of the 
white Moth I lately defcrib’d. Its gate is very nimble by fits, (ometimes 
running, and fometimes leaping, like a Grafhopper almoffthen Handing 
ftill, and fetting it (elf on its hinder leggs, it will very nimbly turn its 
body, and look round it felf every way : It has fix very confpicuous 
eyes, two looking direttly forwards, plac’d juft before 5 two other, on 
either fide of thofe, looking forward and fide-ways^and two other about 
the middle of the top of its back or head, which look backwards and 
fide-wards •, thele feem’d to be the biggeft. The furface of them all was 
very black,fphxrical, purely polifh’d, refle&ing a very cleerand diftindf 
Image of all the ambient obje&s, fuch as a window,a man’s hand,a white 
Paper, or the like. Some other properties of this Spider, obferv’d by the 
moft accomplifh’d Mr. Evelyn , in his travels in Italy , are moft empha¬ 
tically fet forth in the Hiftory hereunto annexed, which he was pleas’d 
upon my defire to fend me in writing. 

Of all the forts of Infe&s, there is none has afforded me 
more divertifements then the Venatores, which arc a fort of Lupi 7 
that have their Denns in the rugged walls, and crevices of our 
hoiiies-; a fmall brown and delicately fpotted kind of Spiders, 
whole hinder leggs are longer then the reft. 

Such I did frequently obferve at Rome, which efpying a Fly 
at three or four yards diftancc,upon the Balcony (where I ftood) 

would 
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Would not make dire&ly to her, but craul under the Rail, till 
being arriv’d to the Antipodes, it would fteal up, leldom miffing 
its aim ; but if it chanced to want any thing of being perfeftly 
oppofite,would at firft peep, immediatly Aide down again, till 
taking better notice, it would come the next time exaftly upon 
the Fly’s back: But, if this hapn’d not to be within a compe¬ 
tent leap, then would this Infeft move fo foftly, as the very 
fhadow of the Gnomon feem’d not to be more imperceptible, 
unlels the Fly mov’d; and then would the Spider move alfo in 
the fame proportion, keeping that juft time with her motion,as 
if the fame Soul had animated both thofe little bodies; and 
whether it were forwards, backwards, or to either fide, without 
at all turning her body, like a well mannag’d Horfe: But, if 
the capricious Fly took wing, and pitch’d upon another place 
behind our Huntrels, then would the Spider whirle its body fo 
nimbly about, as nothing could be imagin'd more Iwift; by 
which means,fhe always kept the head towards her prey,though 
to appearance, as immovable, as if it had been a Nail driven 
into the Wood, till by that indifcernable progrefs (being ar¬ 
riv’d within the fphere of her reach) flhemadea fatal leap 
(fwift as Lightning) upon the Fly, catching him in the pole, 
where (he never quitted hold till her belly was full, and then 
carried the remainder home. I have beheld them inftrufting 
their young ones, how to hunt, which they would fometimes 
difeipline for not well obferving ; but, when any of the old 
ones did (as fometimes) mifs a leap, they would run out of 
the field, and hide them in their crannies, as afliam’d, and 
haply not be feen abroad for four or five hours after ; for fo 
long have I watched the nature of this ftrange Infeft, the con¬ 
templation of whole fo wonderfull fagacity and addrefs has 
amaz’d me; nor do I find in any chafe whatfoever, more cun¬ 
ning and Stratagem obferv’d: I have found fome of thefe Spi¬ 
ders in my Garden, when the weather (towards the Spring) 
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is very hot, but they arc nothing fo eager of hunting as they 
are in Italy . 

There are multitudes of other (bi ts of Spiders, whofe eyes, and moft 
other parts and properties, are fo exceedingly different both from thofe 
I have deferib d, and from one another, that it would be almoft endlefs, 
at lead: too long for my prefent Eflay, to deferibe them,as forne with fix 
eyes, plac’d in quite another order 5 others with eight eyes 5 others with 
fewer, and fome with more. They all feem to be creatures of prey, and 
to feed on other fmall Infe&s, but their ways of catching them feem very 
differing : the Shepherd Spider by running on his prey 3 the Hunting Spi¬ 
der by leaping on it,other forts weave Nets, or Cobwebs, whereby they 
enfnare them. Nature having both fitted them with materials and tools, 
and taught them how to work and weave their Nets, and to lie per¬ 
due, and to watch diligently to run on any Fly, as foon as ever en¬ 
tangled. 

Their thread 1 or web feems to be fpun out of forne vifeous kind of 
excrement, lying in their belly, which, though foftwhen drawn out, is, 
prefently by reafon of its fmalnefs, hardned and dried by the ambient 
Air. Examining feveral of which with my Microfiope ^I found them to ap¬ 
pear much like white Horf-hair, or fome fuch tranfparent horny fubftance, 
and to be of very differing magnitudes 5 fome appearing as bigg as a 
Pigg’s brifle, others equal to a Horfs-hair, other no bigger then a man’s 
hair, others yet fmaller and finer. I obferv'd further, that the radia¬ 
ting chords of the web were much bigger, and fmoother then thofe that 
were woven round, which feem’d fmaller,and all over knotted or pearl’d, 
with fmall tranfparent Globules, not unlike fmall Cryftal Beads or feed 
Pearls, thin ftrung on a Clew of Silk , which, whether they were fo fpun 
by the Spider, or by the adventitious moiff ure of a fogg (which I have 
obferv’d to cover all thefe filaments with fuch Cryftalline Beads) I will 
not now difpute. 

Thefe threads were fome of them fo fmall, that I could very plainly, 
with the Aficrojcope , difeover the fame confecutions of colours as in a 
Triftne, and they feem’d to proceed from the fame caufe with thofe co¬ 
lours which I have already deferib’d in thin plated bodies. 

Much refembling a Cobweb, or a confus’d lock of thefe Cylin¬ 
ders, is a certain white fubftance which, after a fbgg, may be obferv’d 
to fly up and down the Air , catching feveral of thefe, and examining 
them with my^ Mzcrojcope , I found them to be much of the fame form, 
looking moft like to a flake of Worfted prepar’d to be fpun, though 
by what means they fhould be generated, or produc’d, is not eafily 
imagined: they were of the fame weight, or very little heavier then the 
Air 5 and ’tis not unlikely, but that thofe great white clouds, that appear 
all the Summer time, may be of the fame fubftance. 
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Obferv. XLIX. Of an Ant or Pifmire. 


T His was a creature, more troublelom to be drawn, then any of the 
reft, for I could not, for a good while, think of a way to make it 
fuffer its body to ly quiet-in a natural pofture 5 but whil’ft it was alive, 
if its feet were fetter’d in Wax or Glew , it would fo twift and wind its 
body, that I could not any wayes get a good view of it $ and if I killed 
it, its body was io little, that I did often Ipoile the ihape of it, before I 
could throughly view it: for this is the nature of thefe minute Bodies, 
that as foon,almoft, as ever their life isdeftroy’d, their parts immediate¬ 
ly fhrivel, and lofe their beauty} and fo is it alfo with imall Plants, as I 
inftanced before, in the defcription of Mofs. And thence alfo is the rea- 
lon of the variations in the beards of wild Oats, and in thofe of Muik- 
grafs feed, that their bodies, being exceeding fmall, thofe fmall variations 
which are made in the furfaces of all bodies, almoft upon every change 
of Air, specially if the body be porous, do here become fenfible, where 
the whole body is lb fmall, that it is almoft nothing but furface , for as in 
vegetable fubftances, I fee no great realbn to think, that the moifture of 
the Aire(that, fticking to a wreath’d beard, does make it untwiftJthould 
evaporate, or exhale away, any fafter then the moifture of other bodies, 
but rather that the avolation from, or accefs of moifture to, the furfaces 
of bodies being much the fame, thole bodies become moft fenfible of it, 
which have the leaft proportion of body to their furface. So is it allb 
with Animal liibftances 5 the dead body of an Ant, or fuch little creature, 
does almoft inftantly Ihrivel and dry, and your objedt Ihall be quite an¬ 
other thing, before you can half delineate it, which proceeds not from the 
extraordinary exhalation, but from the Imall proportion of body and jui¬ 
ces, to theufual drying of bodies in the Air, efpecially if warm. ^ For 
which inconvenience, where I could not otherwife remove it, .1 thought 
of this expedient. / 

I took the creature, I had defign’d to delineate, and put it into a drop 
of very well redified Ipirit of Wine,this I found wouid prefently difpatch, 
as it were, the Animal, and being taken out of it, and lay’d on a paper, 
the Ipirit of Wine would immediately flyaway, and leave the Animal 
dry, in its natural pofture, or at leaft, in a conftitution, that it might eali- 
ly with a pin be plac’d, in what pofture you defired to draw it,; and the 
limbs would lb remain, without either moving, or Ihriveling. And thus I 
dealt with this Ant, w ? hich I have here delineated, which was one of/ma¬ 
ny, of a very large kind, that inhabited under the Roots of a Tree, from 
whence they would lally out in great parties, and make moft grievous 
havock of the Flowers and Fruits, in the ambient Garden, and return 
back again very expertly, by the fame wayes and paths they went. 1, 

It was more then half thebignefsof an Earwig, of a dark brown, or 
reddilh colour, with long legs, on the hinder of which it would ftand 
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up,and raife its head as high as it could above the ground, that it might 
flare the further about it, juft after the fame manner as I have alfo ob- 
ferv’d a hunting Spider to do; and putting my finger towards them, 
they have at firftallrun towards it,till almoft at it y and then they would 
ftand round about it, at a certain diftance, and fmell, as it were, and con- 
fider whether they fhould any of them venture any further, till one more 
bold then the reft venturing to climb it,all the reft, if I would have fuffer- 
ed them, would have immediately followed : many fuch other feeming- 
ly rational adions I have obferv’d in this little Vermine with much plea- 
fiire,which would be too long to be here related $ thofe that defire more 
of them may fatisfie their curiofity in Ligons Hiftory of the Barbadoes. 

Having infnar’d feveral of thefe into a fmall Box, I made choice of the 
talleft grown among them, and feparating it from the reft,I gave it a Gill 
of Brandy, or Spirit of Wine, which after a while e’en knock'd him down 
dead drunk, fo that he became movelefs, though at firft putting in he 
ftruggled fora pretty while very much, till at laft, certain bubbles iflu- 
ing out of its mouth, it ceafed to move, this ( becaufe I had before 
found them quickly to recover again, if they were taken out prefently ) 
I fullered to lye above an hour in the Spirit 5 and after I had taken it 
Out, and put its body and legs into a natural pofture, remained move¬ 
lefs about an hour, but then , upon a fudden, as if it had been awa¬ 
ken out of a drunken deep, it fuddenly reviv'd and ran away 5 be¬ 
ing caught, and ferv’d as before, he for a while continued ftrugglingand 
ftriving,till at laft there iflued feveral bubbles out of its mouth,and then, 
tanquam animam expirajjet , he remained movelefs for a good while 3 but 
at length again recovering, it was again redipt, and fuffered to lye forne 
hours in the Spirit, notwithftanding which, after it had layen dry 
fome three or four hours, it again recovered life and motion : Which 
kind of Experiments, if profecuted, which they highly deferve, feem 
to me of no inconfiderable ufe towards the invention of the Latent 
Scheme , (as the Noble Verulam calls it) or the hidden, unknown Texture 
of Bodies. 

Of what Figure this Creature appear’d through the Microfcope , the 
32. Scheme ("though notfb carefully graven as it ought) will repre- 
fent to the eye, namely , That it had a large head A A, at the upper 
end of which were two protuberant eyes, pearl’d like thofe of a Fly, 
but fmaller B B 3 out of the Nofc,or forempft part, iflued two horns C C, 
of afhape fufficiently differing from thofe of a blew Fly, though indeed 
they feem to be both the fame kind of Organ, and to ferve for a kind 
of fmelling 5 beyond thefe were two indented jaws D D, which he o- 
pen’d (ide-wayes, and was able to gape them afunder very wide $ and 
the ends of them being armed with teeth, which meeting went between 
each other, it was able to grafp and hold a heavy body , three or four 
times the bulk and weight of its own body: It had only fix legs, ftiap'd 
like thofe of a Fly, which, as I fhewed before, is an Argument that it is a 
winged Infedt, and though I could not perceive any fign of them in the 
middle part of its body ( which feem’dto confift of three joints or pie¬ 
ces 
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ces Ef G, out of which fprung two legs, yet tis known that there are 
of them that have long wings, and fly up and down in the air. 

The third and laft part of its body 111 was bigger and larger then 
the other two, unto which it was joyn d by a Very lmallmiddle, and 
had a kind of loofe (hell, or another diftinft part of its body H, which 
feem’dto be interpos’d, and to keep the thorax and belly from touch* 
ing. 

The whole body was cas’d over with a very ftrong armour* and the 
belly Itl was covered likewife with multitudes of {mall white (billing 
brides 5 the legs, horns, head, and middle parts of its body were Beftuck 
with hairs alfo, but fmaller and darker. r io 
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Ob ferv, L. Of the wandring Mite. 

] N September and October, i66r. I obferv’d in Oxford feveral of theft 
little pretty Creatures to wander to and fro,and often to travel over 
the plains of my Window. And in September andoffober. 1663. I ob¬ 
ferv’d likewife feveral of thefe very fame Creatures traverfing a window 
at London , and looking without the window upon the lubjacent wall, I 
found whole flocks of the lame kind running to and fro among the fmall 
groves and thickets of green mofs, and upon the curioufly lpreading ve* 
getable blew or yellow mols, which is a kind of a Mulhrome or jews* 
ear. . 

Thefe Creatures to the naked eye feemed to be a kind of black Mite, 
but much nimbler and ftrortger then the ordinary Cheefe-Mites 5 but 
examining them in a Microjcope , I found them to be a very fine crufted 
or fhelfd Inieft, much like that reprefented in the firfl: Figure of the 
three and thirtieth Scheme, with a protuberant oval (hell A, indented 
or pitted with an abundance of fmall pits , all covered-over with little 
white brilles, whofe points all dire&ed backwards. 

It had eight legs, each of them provided with a Very (harp tallon, of 
claw at the end, which this little Animal, in its going, faftned into the 
pores of the body over which it went. Each of thefe legs were beftuck 
in every joyntof them with multitudes of fmall hairs, or ( if we re- 
lpe& the proportion they bore to the bignefs of the leg ) turnpikes, all 
pointing towards the claws. '■ . 

The Thorax,ox middle parts of the body of this Creature, was exceed* 
ing fmall, in refpeft both of the head and belly , it being nothing but 
that part which was covered by the two (hells BB, though it feem’d to 
grow thicker Underneath; And indeed, if we confider the great 
variety Nature ufes in proportioning the three parts of the body, 
the Head , Thorax , and Belly ) we (ball not wonder at the fmall pro¬ 
portion of this Thorax , nor at the vafter bulk of the belly, for could 
we exaftly anatomile this little Creature^ and obferve the particular de¬ 
signs of each part, we fhould doubtlefs^ as we do in all her more ma* 
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nageable.and tradable fabricks, find much more reafonto admire the 
excellency of her contrivance and workmanlhip, then to wonder, it was 
not made otherwife. 

The head of this little Infed was Ihap’d fomewhat like a Mite's, that 
is,it had a long fnout, in the manner of a Hogs, with a knobbed ridge 
running along the middle of it, which was beftuck on either fide with 
many lmall brides, all pointing forward, and two very large pikes or 
horns, which rofe from the top of the head, juft over each eye, and 
pointed forward alio. It had two pretty large black eyes on either fide 
of the head E E, from one of which I could fee a very bright refle&ion 
of the window, which made me ghels, that the Cornea of it was fmooth, 
like thole of bigger Infedls. Its motion was pretty quick and ftrong, 
it being able very eafily to tumble a ftone or clod four times as big as its 
whole body. 

At the lame time and place, and divers times fince, I have oblerved 
with my Microjcope , another little Infed, which, though I have not an¬ 
nexed the pidure of, maybe worth noting, for its exceeding nimblenels 
as well as fmalnels 5 it was as fmall as a Mite, with a body deep and 
ridged, almoft like a Flea j it had eight blood-red legs, not very long, 
but llender $ and two horns or feelers before. Its motion was fo exceed¬ 
ing quick, that I have often loft fight of one I have obferved with my 
rlaked eye 5 and though, when it was not frighted, I was able to follow 
the motions of lome with my Microfcope 5 yet if it vveie never fo little 
ftartled, it polled away with luch fpeed, and turn’d and winded it felf 
fo quick, that I Ihould prefently lofe fight of it. 

When I firft obforv’d the former of thefe Infedls, or Mites, I began to 
conjedlure, that certainly I had found out the vagabond Parents of thole 
Mites we find inCheefes, Meal, Corn, Seeds, mufty Barrels, mufty Lea¬ 
ther, &c. thele little Creatures, wandring to and fro every whither, 
might perhaps, as they were invited hither and thither by the mufty 
fteams of feveral putrifying bodies, make their invafions upon thole new 
and pleafing territories , and there fpending the remainder of their life, 
which might be perhaps a day, or thereabouts, in very plentiful and rio¬ 
tous living, might leave their offspring behind them, which by the 
change of the foil and Country they now inhabite, might be quite al¬ 
ter’d from the hew of their primogenitors , and, like Mores tranflated into 
Northern European Climates, after a little time, change both their skin 
and lhape. And this feems yet more probable in thele Inledfs, becaufo 
that the foil or body they inhabit, feems to be almoft half their parent, 
for it not only hatches and brings thofe little eggs, or feminal principles, 
to perfe&ion, but leems to augment and nourilh them alfo before they 
are hatch’d or lhaped $ for it is obvious enough to be obferv’d, that the 
eggs of many other Inledts, and particularly of Mites, are increas’d in 
bulk^^|^' they are laid out of the bodies of the Infe&s, and plump’d 
fometimes into many times their former bignels , fo that the bodies they 
are laid in being, as it were, half their mothers, we lhall not wonder that 
it Ihould have fuch an attiye power to change their forms. We find by 
• . a relations-. 
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relations how much the Negro Women do befmeer the of-fpring of the 
Spaniard, bringing forth neither white-fkinn’d nor black., but tawny 
hided Mulattos. 

Now, though I propound this as probable, I have not yet been fofarr 
certify’dby Obfervations as to conclude any things either pofitively or 
negatively,concerning it. Perhaps,fome more lucky diligence may pleafe 
the curious Inquirer with the difeovery of this,to be a truth,which I now 
conjecture, and may thereby give him a fatisfa&ory account of the caufe 
of thofe creatures,whofe original feems yet fo obfeure, and may give him 
caufe to believe,that many other animate beings, that feem alfo to be the 
mere product of putrifaCtion, may be in nob led with a Pedigree as anci¬ 
ent as the firft creation, and fa it exceed the greateft beings in their nu¬ 
merous Genealogies. But on the other fide, if it fhould be found that 
thefe,or any other animate body,have no immediate fimilar Parent,I have 
in another place fet down a conjectural hypothecs whereby thofe Phe¬ 
nomena may likely enough be folv’d, wherein the infinite wifdom and 
providence of the Creator is no lefs rare and wonderfull. 


Obferv. LI. Of the Grab-like hfett. 

e Eading one day in Septcmb. I chanced to obferve a very fmal creature 
creep over the Bock I was reading,very (lowly 5 having a Microscope 
by me,I obferv’d it to be a creature of a very unufual form,and that not 
lefs notable 5 fuch as is deferib’d in the fecond Figure of the 33. Scheme. It 
was about the bignefs ofa large Mite,or fomewhat longer,it had ten legs, 
eight of which, A A A A, were topt with veryfharp claws, and were thofe 
upon which he walk’d, feeming fliap’d much like thofe of a Crab, which 
in many other things alfo this little creature refembled } for the tv/o 
other claws,B B, which were the formoft of all the ten,and feem’d to grow 
out of his head,like the horns of other Animals,were exaCtly form’d in the 
manner of Crabs or Lobfters claws, for they were fhap’d and jointed 
much like thofe reprefened in the Scheme, and the ends of them were fur- 
nifh’d with a pair of claws or pincers,C C,which this little animal did open 
and (hut at pleafure : It feem’d to make ufe of thofe two horns or claws 
both for feelers and holders $ for in its motion it carried thefe aloft ex¬ 
tended before, moving them to and fro, juft as a man blindfolded 
would do his hands when he is fearfull of running againft a Wall, and if I 
put a hair to it, it would readily take hold of it with thefe claws, 
and feem to hold it faft. Now, though thefe horns feem’d to lerve him 
for two ufes,namely,for feeling and holding § yet he feem’d neither blind, 
having two fmall black fpots, D D, which by the make of them, and the 
bright reflexion from them feem’d to be his eyes} nor did it want other 
hands, having another pair of claws, E E, very neer plac’d to its mouth, 
and feem’d adjoining to it. 

The whole body was cafed over with armour-fhells, as is ufuall in all 
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thole kinds of cruftaceous creatures, efpecially about their bellies, and 
feem’d of three kinds $ the head F feem’d cover’d with a kind of (caly 
(hell, the thorax with two fmooth (hells, or Rings, G G, and the belly 
with eight knobb’d ones. I could not certainly find whether it had under 
thefe laft (hells any wings, but I fufped the contrary 5 for I have not found 
any wing’d Infed with eight leggs, two of thofe leggs being always con¬ 
verted into wings, and, for the moft part, thofe that have but fix, have 
wings. 

This creature, though I could never meet with more then one of 
them, and fo could not make fo many examinations of it as otherwife I 
would,Idid notwithftanding,by reafon of the great curiofity that appear’d 
to me in its (hape,delineate it, to (hew that,in all likelihood. Nature had 
crouded together into this very minute Infed, as many, and as excellent 
contrivances, as into the body of a very large Crab, which exceeds it in 
buIk,perhaps,fome Millions of times 5 for as to all the apparent parts,thcre 
is a greater rather then a le(s multiplicity of parts,each legg has as many 
parts, and as many joints as a Crabs, nay,and as many hairs or brides $ and 
the like may be in all the other vifible parts 5 and ’tis very likely,that the 
internal curiofities are not lels excellent: It being a general rule in Na¬ 
ture’s proceedings, that where (he begins to difplay any excellency, if 
thefubjed be further fearch’d into, it will manifett, that there is not le(s 
curiofity in thole parts which our (ingle eye cannot reach, then in thole 
which are more obvious. 


Obferv. HI. Of the fmil Silver-colour d Book-worm. 

A S among greater Animals there are many that are lealed, both for 
ornament and defence, (o are there not wanting fuch al(o among the 
letter bodies of Infeds, whereof this little creature gives us an Inftance. 
It is a fmall white Silver-lhining Worm or Moth,which I found much con- 
verlant among Books and Papers, and is fuppos’d to be that which cor¬ 
rodes and eats holes through the leaves and covers} it appears to the 
naked eye, afmall glittering Pearl-colour’d Moth,which upon the remov¬ 
ing of Books and Papers in the Summer, is often obferv’d very nimbly to 
feud, and pack away to (ome lurking cranney, where it may the better 
proted it (elf from any appearing dangers. Its head appears bigg and 
blunt, and its body tapers from it towads the tail, fmaller and fmaller,be- 
ing (hap’d almoft like a Carret. 

This the Microfcopcal appearance will more plainly manifett,which ex- 
hibits,inthe third Figure of the 33. Scheme^ a conical body, divided into 
fourteen feveral partitions,being the appearance of (o many (everal fhels, 
or fhields that cover the whole body, every of thefe (hells are again co¬ 
ver’d or tiled over with a multitude of thin tranlparent (cales, which, 
from the multiplicity of their refleding (urfaces,make the whole Animal 
appear of a perfed Pearl-colour. 
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Which,by the way,may hint us the realbn of that fo much admired api 
pearance of thofe lb. highly efteem’d bodies, as alfo of theiakein mother 
of Pearl-lhells, and in multitudes of other lheliy. Sea-fubdances^'i for thejs 
each of them confifting of an infinite number of very thin fhells or Jat 
minated urbiculations, caufe fuch multitudes of refleXions, thatitlie com- 
pofitions of them together with the reflexions of others that are lo thin 
as to affords colours c(of which I^lfewhere give the realbn) givefc a ve^ 
ry pleafant refleXion of light. And that this is the true cauft,leems likely^ 
firft, becaufe all thole fo appearing bodies are compounded ofmultitudes 
of plated fubftances. And next t hat,by ordering any tralparent lubftance 
after this mannerjthe like PhkvMt/ena may be produc’d 5 this will be made 
very obvious by the blowing of Glafs into exceeding thin lhells,rand 
then breaking them into feales,which any lamp-worker-will prelently do$ 
fora goodquantity of thefefcales,laid in a heap together,have, much the 
fame refemblance of Pearls. Another way, not Ids inftruXive and plea- 
lant, is a way which I have fevcral times done, which is by working and 
tofting,as ’twere, a parcel of pure cry ftaliine glafs whilft it is kept glowing 
hot in the blown flame of a Lamp 3 dWxby that mejans,that purely tranfpa- 
rent body will be lb divided into hri infinite timber of plates, or fmall 
firings, with interpos’d aerial plates and fibres, that from the multiplicity 
of the refleXions from each of thole internal furfaces, it may be drawn 
out into curious Pearl-like or Sil ver wire, which though fmall, will yet 
be opacous, the fame thing I have done with a composition of red Colo¬ 
phon and Turpentine, and a little Bee’s Wax, and may be donelikewile 
with Birdlime, and fuch like glutinous and transparent bodies: But to re¬ 
turn to our defeription. v: 1 1 i > : r 

The fmall blunt head of this InfeX was furnifh’d on either fide of it 
with a clufter of eyes, each of which leern’d to contain but a very few, in 
comparifon of what I had obferv'd the clufters of other InfeXs to abound 
with 3 each of theft clufters were befet with a row of fmall brilles, much 
like the cilia or hairs on the eye-lids, and, perhaps, they lerv’d for the 
lame purpoSe. It had two long horns before, which were (freight^ and 
tapering towards the top, curioully ring'd or knobb’d, and brifled much 
like theMarlh Weed, call’d Horft-tail, or Cats-tail, having at each knot 
a fring’d Girdle,as I may fo call it, of fmaller hairs, and feveral bigger and 
larger brilles,here and there dilpers’d among them: befides theft, it had 
two fhorter horns, or feelers, which were knotted and fring’dj juft as the 
former, but wanted brilles, and were blunt at the ends 5 the hinder part 
of the creature was terminated with three tails, in every particular re- 
fembling the two longer horns that grew out of the head: The leggs of 
it were fcal’d and hair’d much like the reft, but are not express’d inf this 
Figure , the Moth being intangled all in Glew, and fo the leggs of this 
appear’d not through the Glafs which looked perpendicularly upon 
the back. 

This Animal probably feeds upon the Paper and covers of BOoks, and 
perforates in them fevcral fmall round holes, finding, perhaps, a conve¬ 
nient nourilhment in thofe hulks of Hemp and Flax, which have pafs’d 
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through fo many fcourings, wa{hings,dre(ftngs and dryings, as the parts 
of old* Paper muft neceflarily have fufFer’d} the digeftive faculty,it feems, 
ofthefe little creatures being able yet further to work uponthofe ftub- 
born parts, and reduce them into another form. 

Ana indeed, when I confider what a heap of Saw-duft or chips this 
little creature (which is one of the teeth of Time) conveys into its in- 
trals. I cannot chufe but remember and admire the excellent contrivance 
of Nature, in placing in Animals fuch a fire, as is continually nourifhed and 
fupply’d by the materials convey’d into the ftomach, an & fomented by the 
bellows of the lungs } and in fo contriving the moft admirable fabrick of 
Animals, as to make the very {pending and Wafting of that fire, to be 
inftrumental to the procuring and collecting more materials to augment 
and cherifh it felf^ which indeed feems to be the principal end of all the 
contrivances obfervable in bruit Animals. 


Obfcrv. L I 11, Of a Flea, 

r T , He ftrength and beauty of this fmall creature, had it no other rela- 
•j ■ . tion at all to man, would deferve a defeription. 

For itsftrength, the Microfcope is able to make no greater difcoveries 
of it then the naked eye, but onely the curious contrivance of its leggs 
and joints, for the exerting that ftrcngth,is very-plainly manifefted, fuch 
as no other creature, I have yet obferv’d, has any thing like it 5 for the 
joints of it are fo adapted,that he can,as ’twerc,fold them (hort one with¬ 
in anothcr.and foddenly ftretch,or fpring them out to their whole length, 
that is, of the fore-leggs, the part A, of the 34. Scheme , lies within B, 
and B within C, parallel to, or fide by fide each other} but the parts 
of the two next, lie quite contrary, that is, D without E, and E with¬ 
out F, but parallel alfo} but the parts of the hinder leggs, G, H and I, 
bend one within another, like the parts of a double jointed Ruler, or 
like the foot, legg and thigh of a man 5 thefe fix leggs he ditches up al¬ 
together, and when he leaps, fprings them all out, and thereby exerts 
his whole ftrength at once. 

But, as for the beauty of it, the Microscope manifefts it to be all over 
adorn’d with a curioully poliftfd fuit of fable Armour, neatly jointed, 
and befet with multitudes of (harp pinns, ftiap’d almoft like Porcupine’s 
Quills, or bright conical Steel-bodkins 5 the head is on either fide beau- 
tify’d with a quick and round black eye K, behind each of which alfo 
appears a fmall cavity, L, in which he feems to move to and fro a cer¬ 
tain thin film befet with many fmall tranfparent hairs,which probably may 
be his ears} in the forepart of his head, between the two fore-leggs, he 
has two fmall long jointed feelers, or rather fmellers, M M, which have 
four joints,and are hairy, like thofe of feveral other creatures} between 
thefe, it has a (mall probofik , or probe> N N O, that feems to confift of a 
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Micrographia. 

tube N N, and a tongue or fucker O, which I have perceiv’d him to flip 
in and out. Befides thefe, it has alfo two chaps or biters P P, which are 
fbmewhat like thofe of an Ant, but I could not perceive them tooth’d 5 
thefe were fhap’d very like the blades of a pair of round top’d Scizers, 
and were opened and (hut juft after the fame manner 3 with thefe Inftru* 
ments does this little bufie Creature bite and pierce the fkin, and fuck 
out the blood of an Animal,leaving the fkin inflamed with a fmall round 
red fpot. Thefe parts are very difficult to be difcovered, becaufe, for 
the moft part, they lye covered between the fore-legs. 1 here are many 
other particulars, which, being more obvious, and affording no great 
matter of information, I fhall pals by, and refer the Reader to the Fi* 
gurc. 


Obferv. LIV. Of a Loufe. 

T His is a Creature fo officious , that ’twill be knowh to every one at 
one time or other, fo bufie, and fb impudent, that it will be intru* 
ding it felf in every ones company, and fo proud and afpiring withall, 
that it fears not to trample on the beft, and affeefo nothing fb much as a 
Crown 3 feeds and lives very high, and that makes it fb faucy, as to pull 
any one by the ears that comes in its way, and will never be quiet till it 
has drawn blood: it is troubled at nothing fo much as at a man that 
fcratches his head, as knowing that man is plotting and contriving fome 
mifehief againftit, and that makes it oftentime fculk into fome meaner 
and lower place, and run behind a mans back, though it go Very much 
againft the hair 3 which ill conditions of it having made it better kriowri 
then trufted, would exempt me from making any further defeription of 
it, did not my faithful Mercury , my Microfcopey bring me other infor¬ 
mation of it. For this has difeovered to me, by means of a very bright 
light caft on it, that it is a Creature of a very odd (hape 3 it has a head 
fhap’d like that expreft in 35 .Scheme marked with A, which teems al* 
moft Conical, but is a little flatted on the upper and under fides, at the 
biggeft part of which, on either fide behind the head ( as it were, be* 
ing the place where other Creatures ears ftand) are placed its two black 
fhining goggle eyes BB, looking backwards, and fenced round with fe* 
veral fmall cilia or hairs that incompafs it,fo that it feems this Creature 
has no very good forefight: It does not feem to have any eye-lids, and 
therefore perhaps its eyes were fo placed, that it might the better cleanfe 
them with its fore-legs 3 and perhaps this may be thereafbn, why they 
fo much avoid and run from the light behind them, for being made to 
live in the fhady and dark recefies of the hair, and thence probably their 
eye having a great aperture, the open and clear light, efpecially that 
of the Sun, muft needs very much offend them 3 to fecure thefe eyes 
from receiving any injury from the hairs through which it pafles, it has 
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two horns that grow before it, in the place where one would have 
thought the eyes fhould be s each of thefe C C hath four joynts, which 
are fringed* as ’twere, with fmall brilles, from which to the tip of its 
fnout D, the head feems very round and tapering* ending in a very 
(harp nofe D, which feems to have a fmall hole* and to be thepaflage 
through which he fucks the blood. Now whereas if it be plac'd on its 
back* with its belly upwards, as it is in the 3 5. Scheme , it feems in feve- 
ral Pofitions to have a refemblance of chaps, or jaws, as is reprefented 
in the Figure by E E, yet in other poftures thofe dark ftrokes disappear 5 
and having kept feveral of them in a box for two or three dayes* fo that 
for all that time they had nothing to feed on, I found, upon letpng one 
creep on my hand, that it immediately fell to fucking, and did neither 
feem to thruft its nofe very deep into the fkin, nor to open any kind of 
mouth, but I could plainly perceive a fmall current of bloody which 
came dire&ly from its fnout, and pad into its belly 5 and about A there 
feem’d a contrivance, fomewhat refembling a Pump, pair of Bellows, or 
Heart, for by a very lwift jyftole and d?aJiole the blood feem’d drav/n 
from the nofe, and forced into the body. It did not feem at a 11 ,though 
I viewed it a good while as it was fucking, to thruft more of its nofe in¬ 
to the fkin then the very fnout D, nor did it caufe the leaft difcernable 
pain, and yet the blood feem’d to run through its head very quick and 
freely, fb that it feems there is no part of the fkin but the blood isdi- 
fpers’d into, nay, even into the cuticula $ for had it thruft its whole nofe 
in from D to CC, it would not have amounted to thefuppofed thick- 
nefs of that tegument ^the length of the nofe being not more then a three 
hundredth part of an inch. It has hx legs, covered with a very tranfpa- 
rent fhell, and joynted exactly like a Crab’s, or Lobftcr’s 5 each leg is 
divided into fix parts by thefe joynts, and thofe have here and there 
Several fmall hairs , and at the end of each leg it has two claws, very 
properly adapted for its peculiar ufe, being thereby inabled. to walk 
very fecurely both on the fkin and hair 5 and indeed this contrivance of 
the feet is very curious, and could not be made more commodiouf Jy and 
compendioufly, for performing both thefe requifite motions, of walking 
and climbing up the hair of a mans head, then it is: for, by having the 
lefler claw (aj fet fo muchfhort of the bigger (b) when it Walks on 
the fkin the fhorter touches not, and then the feet are the fame with 
thofe of a Mite, and feveral other fmall Infe&s, but by means of the 
fmall joynts of the longer claw it can bend it round, andfo with both 
claws take hold of a hair, in the manner reprefented in the Figure, the 
long tranfparent Cylinder F F F, being a Man’s hair held by it. 

The Thorax feem’d cas’d with another kind of fubftance then the bel¬ 
ly, namely, with a thin tranfparent horny fubftance, which upon the 
falling of the Creature did not grow flaccid $ through this I could plain¬ 
ly fee the blood, fuck’d from my hand, to be varioully diftributed, and 
mov’d to and fro $ and about G there feem’d a pretty big white fub¬ 
ftance, which feem’d to be moved within its thorax 3 befides, there ap¬ 
pear’d very many fmall milk-white veflels, which croft over the breaft 
> ? 1 c i li between 













































































































































































































































































































Ml CROGRAPHIA. 21 

between the legs, out of which, on either fide, were many (mall bran- 
chi ngs,thefo Teem'd to be the veins and arteries,for that which is analogus 
to blood in all Infefts is milk-white. 

The belly is covered with a tranfparent fubdance likewife, but more 
reiembling a fkin then a fliell , for ’tis grain’d all over the belly juft like 
the skin in the palms of a man’s hand, and when the belly is empty,grows 
very flaccid and wrinkled 5 at the upper end of this is placed the do- 
mach H H,and perhaps alfo the white fpot 11 may be the liver.or pancreas^ 
which : by the perift alt icl^ motion of the guts, is a little mov’d to and fro, 
not with a fyjiole and cliafiole , but rather with a thronging or judling 
motion. Viewing one of thefe Creatures, after it had faded two dayes, 
all the hinder part was lank and flaccid , and the white fpot 11 hardly 
mov’d, mod of the white branchings difappear’d , and mod alfo of the 
redneis or fucked blood in the guts, the perijlaltick^ motion of which 
was fcarce difcernable 5 but upon the differing it to fuck , it prefently 
fill’d the fkin of the belly, and of the fix fcolop'd embofments on either 
fide, as full as it could be duft 5 the domach and guts were as full as 
they could hold 5 the perifialtick^ motion of the gut grew quick,and the 
judling motion ofII accordinglymultitudes of milk-white veflels 
Teem’d quickly filled, and turgid, which were perhaps the veins and ar¬ 
teries, and the Creature was fo greedy, that though it could not contain 
more, yet it continued fucking as fad as ever, and as fad emptying it felf 
behind: the digefiion of this Creature mud needs be very quick, for 
though I perceiv'd the blood thicker and blacker when fuck’d, yet^ 
when in the guts, it was of a very lovely ruby colour, and that part of 
it, which was digefted into the veins. Teemed white $ whence it appears, 
that a further digedion of blood may make it milk, at lead df a refem* 
bling colour: What iselfeobfervable in the figure of this Creature, may 
be Teen by the 35 . Scheme. / 1 ' ; V - . 



Obferv. L V. Of Mites. 
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T He lead of Reptiles I have hitherto met with, is a Mite, a Creature 
whereof there are fome To very fmall, that the (harped fight, un- 
affided with Glades, is not abletodilcern them, though, being white of 
themfelves, they move on a black and fmooth furface $ and the Eggs, 
out of which thefe Creatures Teem to be hatch’d^ are yet fmaller, thofe 
being ufiially not above a four or five hundredth part of a well grown 
Mite, and thofe well grown Mites not much above one hundredth 
of an inch in thicknefs 3 fo that according to this reckoning there may be 
no lels then a million of well grown Mites contain’d in a cubick inch, and 
five hundred times as many Eggs. t ;. 

Notwithdanding which minutenels a good Mcrofcope difooVets thofe 
fmall movable fpecks to be very prettily (hap’d Infe&s, each of them fur- 
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nifh’d with eight well (hap’d and proportion’d legs., which are each of 
them joynted or bendable in eight feveral places, or joynts, each of 
which is covered, for themoft part, with a very tranfparent (hell, and 
the lower end of the fhell of each joynt is fringed with feveral (mall 
hairs 3 the contrivance of the joynts feems the very fame with that of 
Crabs and Lobfters legs, and like thofe alfo, they are each of them ter¬ 
minated with a very (harp claw or point 3 four of thefe legs are lo pla¬ 
ced, that they feem to draw forwards, the other four are placed in a 
quite contrary pofition, thereby to keep the body backwards when 
there is occalion. 

The body, as in other larger Infe&s, confifts of three regions or 
parts, the hinder or belly A, feems covered with one intire lhell, the 
middle, or cheft, feems divided into two (hells B C. which running one 
within the other, the Mite is able to fhrink in and thruft out as it finds 
occalion, as it can allb the fnout D. The whole body is pretty tranfpa¬ 
rent, fo that being look’d on againft the light, divers motions within its 
body may be perceived 3 as alfo all the parts are much more plainly de- 
lineable, then in other poftures, to the light. The (hell, efpccially that 
which covers the back, is curioufly polifht, fo that ’tis ealie to fee, as in a 
convex ’ Looking-glals, ox foliated Glals-ball, thepifture of all the ob¬ 
jects round about 3 up and down, in feveral parts of its body, it has (e- 
veral fmall long white hairs growing out of its fhell, which are often 
longer then the whole body, and are reprefented too (hort in the firft 
and lecond Figures 3 they feem all pretty ftraight and plyable, (ave only 
two upon the fore-part of its body, which feem to be the horns, as may 
be feen in the Figures 3 the firft whereof is a profpeft of a fmaller fort of 
Mites ( which are ufually more plump ) as it was pajjant to and fro 3 the 
fccond is the profped): of one fixt on its tail ( by means of a little mouth- 
glew rub’d on the ob je& plate) exhibiting the manner of the growing of 
the legs, together with their feveral joynts. 

This Creature is very much diverfify’d in fhape, colour, and divers 
other properties, according to the nature of the fubftance out of which 
it feems to be ingendred and nouri(hed,being in one fubftance more long, 
in another more round, in (bme more hairy, in others more fmooth, in 
this nimble, in that (low, here pale and whiter, there browner, blacker, 
more tranfparent, &c. I have obferved it to be refident almofton all 
kinds of fubftances that are mouldy, or putrifying, and have feen it very 
nimbly mefhing through the thickets of mould, and fometimes to lye 
dormant underneath them, and ’tis not unlikely, but that it may feed on 
that vegetating lubftance , jpontaneous Vegetables feeming a food proper 
enough for fpontaneous Animals , 

But whether indeed this Creature, or any other, be fuch or not, I can¬ 
not pofitively, from any Experiment, or Obfervation, I have yet made, 
determine. But,as I formerly hinted, it feems probable, that feme kind 
of wandring Mite may fow, as ’twere, the firft feeds, or lay the firft eggs, 
in thole places, which Nature has inftru&cd them to know convenient 
for the hatching and nourilhing their young 3 and though perhaps the 
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prime Parent might be of a fhape very differing from what the off- 
(pring, after a little while, by reafon of the fubftance they feed on, or 
the Region (as’twere) they-inhabited yet perhaps even one of thefe 
alter’d progeny, wandering again from its native foil, and lighting on by 
chance the fame place from whence its prime Parent came, and there fet¬ 
tling, and planting, may produce a generation of Mites of the fame 
fhapes and properties with the firft wandring Mite: And from fomefuch 
accidents as thefe, I am very apt to think, the moft forts of Animals, 'ge¬ 
nerally accounted Jpontatieous , have their origination , and all thole va¬ 
rious forts of Mites, that are to be met with up and down inf divers pu- 
trifying fubftances, may perhaps be aliofthe fame kindy and have (prung 
from one and the fame fort of Mites at the firft. ? 
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Obferv. L V I. Of a fmil Creature hatch'd on a Vine . 
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T Here is, almoll: all the Spring and Summer time, a certain fmall, 
round, white Cobweb, as twere, about the bignefs of a Pea,which 
fticks very clofe and fait to the flocks of Vines nayfd againfi: a warm 
wall : being attentively viewed,they feem cover d, upon the upper fide 
of them, with a fmall husk, not unlike the fcale, or fhellof a Wood- 
loufe, or Hog-loufe, a fmall Infeft ufually found about rotten wood, 
which upon touching prefently rouls it felf into the form of a pepper¬ 
corn : Separating feveral of thefe from the flock , I found them, with 
my Mtcrofcopc, toconfiflof a (hell, which now feemed more likely to be 
the hufk of one of thefe Infers .* And the fur feem’d a kind of cobweb, 
confifling of abundance of fmall filaments, or (leaves of cobwebs. In 
the midfl of this, if they were not hatch’d,and run away before, the time 
of which hatching was ufually about the latter end of fine, or begin¬ 
ning of July, I have often found abundance of fmall brown Eggs, luch 
as A and B in the fecond Figure of the 36. Scheme, much about the big- 
ne(s of Mites Eggs 5 and at other times, multitudes of fmall Infedls, (ha- 
ped exa&ly like that in the third Figure marked with X. Its head large, 
almofl half the bignels of its body, which is ufual in the faztHS of moft 
Creatures. It had two fmall black eyes a d, and two fmall long joynted 
and brifled horns h k The hinder part of its body feem’d to confift of 
nine fcales, and the lafl ended in a forked tayl, much like that of a Cu~ 
tio , or Wood-loufe, out of which grew two long hairs 5 they ran to 
and fro very fwiftly, and were much of the bignels of a common Mite, 
but fome of them lefs: The longeft of them feem’d not the hundredth 
part of an inch, and the Eggs ufually not above half as much. They 
feemed to have fix legs, which were not vifible in this I have here deline¬ 
ated, by realon they were drawn under its body. 

If thefe Minute creatures were fVood-lice( as indeed from their own (hape 
and frame, the lkin,orfhell,that grows ontherryone may with great pro¬ 
bability 
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liability ghefsj it”affords us an Inftance, whereof perhaps there are not 
many like in Nature,and that is,of the prodigious increafe of thefe Crea- 
tures,after they are hatch’d and run about dor a common Wood-loufe,of 
about half an inch long, is no lefs then a hundred and twenty five thou- 
(and times bigger then one of thefe, which though indeed itfeems very 
ftrange, yet I have obferved the.young ones of fome Spiders have almoft 
kept the fame proportion to their Dam. 

This, methinks, if it be fo-, does in the next place hint a Qu^ery,which 
may perhaps deferve a little further examination : And that is,Whether 
there be not many of thofe minute Creatures,fuch as Mites, and the like, 
which, though they are commonly thought of otherwife, are only the 
pull y, or young ones, of much bigger Infers, and not the generating, 
or parent Infeft, that has layd thofe Eggs} for having many times ob- 
ferv’d thofe Eggs, which ufually are found in great abundance where 
Mites are found , it feems fomething ftrange, that fo fmall an Animal 
fhould have an Egg fo big in proportion to its body. Though on the 
other fide, I muft confefs, that having kept divers of thofe Mites inclofed 
in a box for a good while, I did not find them very much augmented be¬ 
yond their ufual bignefs. 

What the husk and cobweb of this little white fubftance fhould be, I 
cannot imagine, unlefsitbe, that the old one, when impregnated with 
Eggs, fhould there ftay, and fix it felf on the Vine, and dye, and all the 
body by degrees fhould rot, fave only the husk, and the Eggs in the bo¬ 
dy : And the heat, or fire, as it were, of the approaching Sun-beams 
fhould vivifie thofe Relifts of the corrupted Parent, and out of the 
afhes, as ’twere, ( as it is fabled of the Vhawix ) fhould raife a new off¬ 
ering for the perpetuation of the Jpecies . Nor will the cobweb, as it 
were, in which thefe Eggs are inclos’d, make much againft this Conje- 
fture 5 for we may, by thofe cobwebs that are carried up and down the 
Air after a Fog (which with my Microfcopt I have dilcovered to be made 
up of an infinite company of (mail filaments or threads) learn, that 
fuch a texture of body may be otherwife made then by the (pinning of 
a Worm. 


Obferv. L V11. Of the Eels in Vinegar. 

O F thefe fmall Eels, which are to be found in divers forts of Vine¬ 
gar, I have little to add befides their Pifture, which you may 
find drawn in the third Figure of the 2 5. Schc?ne : That is, they were 
fhaped much like an Eel, fave only that their nofe A, ( which was a lit¬ 
tle more opacous then the reft of their body ) was a little (harper, and 
longer, in proportion to their body, and the wrigling motion of their 
body feem’d to be onely upwards and downwards, whereas that of 
Eds is onely fide wayes: They feem’d to have a more opacous part 
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about B, which might, perhaps,be their Gills 5 it feeming always the fame 
proportionate didant from their note, from which, to the tip of their 
tail,C, their body feern’d to taper. 

Taking feveral ofthefe out of their Pond of Vinegar, by the net of a 
(mall piece of filtring Paper, and laying them on a black fmooth Glad 
plate, I found that they could wriggle and winde their body, as much 
almod as a Snake, which made me doubt, whether they were a kind of 
Eal or Leech. 

I (hall add no other obfervations made on this minute Animal, being 
prevented herein by many excellent ones already publilh’d by the inge¬ 
nious, DoCfor Tower , among his Microfcopic a l Obfervations, five onely 
that a quantity of Vinegar repleat w 7 ith them being included in afmall 
Viol, and ftop d very clofe from the ambient air, all the included Worms 
in a very (hort time died, as if they had been (lifted. 

And that their motion feems (contrary to what we may obterve in the 
motion of all other Infeds) exceeding (low. But the reafon of it feems 
plain, for being to move to and fro after that manner which they do, by 
waving onely, or wrigling their body 5 the tenacity, or glutinoufnels, 
and the denfity or refidance of the fluid medium becomes fo exceeding 
fenfible to their extremely minute bodies,that it is to me indeed a greater 
wonder that they move them (o faft as they do,then that they move them 
no fader. For what a vadly greater proportion have they of their fuper- 
ficies to their bulk, then Eels or other larger Fifhes, and next, the tena¬ 
city and denfity of the liquor being much the fame to be moved,both by 
the one and the other, the refinance or impediment thence arifing to 
the motions made through it, mud be almod infinitely greater to the 
fmall one then to the great. This we find experimentally verify d in the 
Air, which though a medium a thoufand times more ratify’d then the wa¬ 
ter,the refidance ofit to motions made through it,is yetfo fenfible to ve¬ 
ry minute bodies,that a Down-feather(the lead of whole parts teem yet 
bigger‘then thefe Eels, and many of them almod incomparably bigger, 
fiich as the quill and ftalk) is fufpended by it, and carried to and fro as if 
it had no weight. 


Obferv. LVIII. Of a new Property in the Air, and feveral other 
tranfparent Mediums nam'd Inflection, whereby very many con - 
fiderable Phenomena are attempted to be folvd.\ and divers other 
ufes are hinted . 

S ince the Invention (and perfecting in fome meafure) of Telefcopes , it has 
been obferv d by feveral, that the Sun and Moon neer the Horizon, 
are disfigur'd ( lofing that exaCfly-fmooth terminating circular limb, 
which they are obferv’d to have when fituated neerer the Zenith) and 
are bounded with an edge every way (efpecially upon the right and left 
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fides) ragged and indented like a Saw: which inequality of their limbs, I 
have further obferv d, not to remain always the fame, but to be conti¬ 
nually chang’d by a kind of flu&uating motion, not unlike that of the 
waves of the Sea 5 fo as that part of the limb, which was but even now 
nick’d or indented in, is now protuberant, and will prefently be finking 
again 5 neither is this alkbut the whole body of the Luminaries, do in the 
Telefcope , feem to bedeprefs’d and flatted, theupper,and more elpecially 
the under fide appearing neerer to the middle then really they are,and the 
right and left appearing more remote:whence the whole Area leems to be 
terminated by a kind of Oval.lt is further oblerv’d.that the body,for the 
mofit part, appears red, or of Ibme colour approaching neer unto it, as 
fome kind of yellow 5 and this I have always mark d, that the more the 
limb is flatted or ovalled,the more red does the body appear, though not 
always the contrary. It is further obfervable, that both fix’d Stars and 
Planets, the neerer they appear to the Horizon, the more red and dull 
they look, and the more they are obferv’d to twinkle3 in fo much, that 
I have feen the Dog-ftarr to vibrate lb ftrong and bright a radiation of 
light, as almofl: to dazle my eyes, and prefently, almofl: to difappear. 
It is alio obfervable, that thole bright fcintillations neer the Horizon, are 
not by much fo quick and fudden in their confecutions of one another, as 
the nimbler twinklings of Stars neerer the Zenith. This is alio notable, 
that the Starrs neer the Horizon, are twinkled with leveral colours 3 fo as 
fometimes to appear red,fometimes more yellow,and Ibmetimes blue,and 
this when the Starr is a pretty way elevated above the Horizon. I have 
further, very often feen fome of the fmall Starrs of the fifth or fixth ma¬ 
gnitude, at certain times to difappear for a fmall moment of time, and 
again appear more confpicuous, and with a greater lufter. I have leveral 
tfmes,withmy naked eye, leen many fmaller Starrs, fuch as may fee call'd 
of the feventh or eighth magnitude to appear for a fhort Ipace, and then 
vanilh, which, by directing a fmall Telefcope towards that part they ap¬ 
pear’d and difappeard in 31 could prefently find to be indeed Imall Starrs 
fo fituate.as I had feen them with my naked eye, and to appear twinkling 
like the ordinary vifible Stars 3 nay, in examining Ibme very notable parts 
of the Heaven, with a three foot Tube, me thought I now and then, in 
leveral parts of the conftellation, could perceive little twinklings of 
Starrs, making a very fhort kind of apparition,and prefently vanilhing, 
but noting diligently the places where they thus feem’d to play at boe- 
peep, I made ule of a very good twelve foot Tube, and with that it was 
not uneafie to fee thofe, and leveral other degrees of linaller Starrs, and 
fome fmaller yet, that feem’d again to appear and difappear, and thefe 
alio by giving the lame Objeft-glafs a much bigger aperture, I could 
plainly and confhntly fee appear in their former places 3 fo that I have 
obferv’d lome twelve leveral magnitudes of Starrs lels then thole of the 
fix magnitudes commonly recounted in the Globes. 

It has been oblerv’d and confirm’d by the accurate!! Oblervati- 
onsof thebeftof gur modern Aftronomers, that all the Luminous bodies 
appear above the Horizon, when they really are below it. So that the 
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Sun and Moon have both been fcen above the Horizon, whil’ft theMooti 
has been in an Eclipfe. I fhall not here inftance in the great rcfradtions,j 
that the tops of high mountains, feen at a diftance, have been found to 
have 5 all which feem to argue the Horizontal refradtion, much greater 
then it is hitherto generally believ’d. 

I have further taken notice, that not onely the Sun, Moon and Starrs,* 
and high tops of mountains have fuffer’d thele kinds of refradlion, but 
Trees, and feveral bright Objedhs on the ground: I have often taken no» 
ticeof [the twinkling of the refledrions of the Sim from a Glafs-window 
at a good diftance, and ofa Candle in the night, but that is not lo con- 
fpicuous.and in'obferving the fettingSun,I have often taken notice of the 
tremulation of the Trees and Bullies, as well as of the edges of the Sun. 
Divers of thefe rhtfnomena have been taken notice of by leveral, who 
have given feveral realons of them, but I have not yet met with any alto¬ 
gether latisfadbory, though fome of their conjedtures have been partly 
truejbut parly alfo falfe.Setting my felf therfore upon the inquiry of thefe 
Th&nomena^ I hrft endeavour’d to be very diligent in taking notice of 
the feveral particulars and circumftances obfervable in them 5 and next, 
in making divers particular Experiments, that might cleer fome doubts, 
and ferve to determine, confirm, and illuftrate the true and adequate 
caule of each 5 and upon the whole, I find much reafon to think, that 
the true caule of all thele Vhaenomena is from the infeUion^ or multi - 
plicate reflation of thole Rays of light within the body of the Atmojphere , 
and that it docs not proceed from a reflation caus’d by any terminating 
fnperficies of the Air above, nor from any fuch exadfly defin’d fuperficies 
within the body of the Atmojphere. 

This Conclufton is grounded upon thefe two Propofitions: 

Firft,that a medium , whole parts are unequally denfe, and mov’d by 
various motions and tranfpolitions as to one another, will produce all 
thefe vifible effedts upon the Rays of light, without any other coefficient 
caufe. 

Secondly, that there is in the Air or Atmofphere , fuch a variety in the 
conftituent parts of it, both as to their denfity and rarity , and as to their 
divers mutations and pofitions one to another. 

By Denjity and Rarity , I undcrftand a property of a tranfparent body^ 
that does either more or lefs refract a Ray of light (coming obliquely 
upon its fuperficies out of a third mediant) toward its perpendicular: As 
I call Glaft a more denfe body then Water, and Water a more rare body 
then Glaft. becaufe of the refra&ions (more or lels defledling towards the 
perpendicular) that are made imthem,of a Ray of light out of the Air 
that has the lame inclination upon either of their fuperficies. 

So as to the bulineft of Refradfioit fpirit of Wine is a more denfe body 
then Water,it having been found by an accurate Inftrument that meafures 
the angles of Refradtions to Minutes that for the fame refradted angle of 
30^00' in both thofe Mediums , the angle of incidence in Water wa3 
but 41 0 . 3*5. but the angle of the incidence in the trial with fpirit of 
Wine was 42 0 .* 45'. But as to gravity. Water is a mor e denfe body then 
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fpirit of Wine, for the proportion of the fame Water, to the fame very 
well redfify’d fpirit of Wine was, as 21. to 19. 

So as to Refradlion,Water is more Denfe then Icc$ fori have found 
by a mod: certain Experiment, which I exhibited before divers illuftrious 
Perfons of the Royal Society , that the Refradlion of Water was greater 
then that of Ice, though fome confiderable Authors have affirm'd the con¬ 
trary, and though the Ice be a very hard, and the Water a very* fluid 
body. 

That the former of the two preceding Propofitions is t rue,may be ma- 
nifefted by feveral ExperimentsrAs firft.if you take any two liquors differ¬ 
ing from one another in denflty,but yet fuch as|will readily mixras SaltWa- 
ter,or Brine,&:Frelh,almofl: any kind of Salt diiTolv’d in Water,and filtra¬ 
ted, fo that it be cleer,fpirit of Wine and Water $ nay, fpirit of Wine,and 
fpirit of Wine, one more highly redfify’d then the other, and very many 
other liquors 5 if(lfay) you take any two of thefe liquors, and mixing 
them in a Glafs Viol, againft one fide of which you have fix'd or glued a 
finall round piece of Paper, andfhaking them well together (fo that the 
parts of them may be fomewhat difiurb’d and move up and down)you 
endeavour to lee that round piece of Paper through the body of the li¬ 
quors 5 you (hall plainly perceive the Figure to wave, and to be indented 
much after the fame manner as the limb of the Sun through a Telefcope 
leemsto be,lave onely that the mutations herc,are much quicker. And i£ 
in fteed of this bigger Circle, you take a very fmall fpot, and fallen and 
view it as the former, you will find it to appear much like the twinkling 
of the Starrs, though much quicker: which two Phenomena (for I fhall 
take notice of no more at prelent, though I could inftance in multitudes 
of others) muft neceflarily be cans d by an inflexion of the Rays within 
the terminating luperficies of the compounded medium , fince the furfaces 
of the tranfparent body through which the Rays pafs to the eye, are not 
at all altered or chang’d. 

This inflexion (if I may lo call it) I imagine to be nothing elle, but a 
multiplicatc reflation 0 caufed by the unequal denflty of the conlfituent 
parts of the medium , whereby the motion, adtion or progrels of the Ray 
of light is hindred from proceeding in a ftreight line, and infletted or de~ 
fleUedby a curve. Now, that it is a curve line is manifelf by this Expe¬ 
riment : I took a Box,fuch as A D G E, in the fil'd: Figure of the 97 .Scheme^ 
whofe fidcs ABCD, and EFGH, were made of two fmooth flat 
plates of Glals, then filling it half full with a very flrong folution of 
Salt, I filled the other half with very fair frelh water, then expofing 
the opacous fide, D H G C, to the Sun, I oblerv’d both the reflation and 
inflection of the Sun beams,l D & K. H, and marking as exadfly as I could, 
the points, P, N, O, M, by which the Ray, K H, palled through the com¬ 
pounded medium , I found them to be in a curve line 5 for the parts of the 
medium being continually more denle the neerer they were to the bot¬ 
tom, the Ray p f was continually more and more defledted downwards 
from the (freight line. 

This lnfledfion may be mechanically explained, cither byMonfieur 
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Des Cartes principles^ conceiving the Globuls of the third Element to 
find lefs and lefs refiftance againft that fide of them which is downwards, 
or by a way, which I have further explicated in the Inquifition about Co¬ 
lours, to be from an obliquation of the pulfe of light, whence the ruder 
part is continually promoted* and confequenriy refraded towards the 
perpendicular, which cuts the Orbs at right angles. What the particu¬ 
lar Figure of the Carve line , defcrib’d by this way of light, is, I fhall not 
now hand to examine, efpecially fince there may be fo many forts of it as 
there may be varieties of the Pofitions of the inte^mediat degrees of den - 
ftty and rarity between the bottom and the top of the infleding Medium; 

I could produce many more Examples and Experiments, "to illuftrate 
and prove this firff Propofition, viz. that there is fiich a conftitution of 
fome bodies as will caule infiedion. As not to mention thole I have ob- 
ferv’d in Hern , Tort oi (e-foe II, tranjparent Gums y and refwous Subjlances r 
The veins of Glafs, nay, of melted Cryftal , found, and much complained 
of by Glafs-grinders, and others, might fufticiently demonftrate the 
truth of it to any diligent Obfervator. 

But that, I prefume, I have by this Example given proof fufficient 
( viz. ocular demonjiration ) to evince, that there is fuch a modulation, 
or bending of the rayes of light, as I have call’d inflexion , differing 
both from reflection, andrefra&ion (fince they are both made inthefu- 
perficies, this only in the middle ) 5 and likewife, that this is able or fuf> 
ficient to produce the effeds I have aferibed to it. 

It remains therefore to fhew , that there is fuch a property in the Air, 
and that it is fufficient to produce all the above mentioned Fhanomena , 
and therefore may be the principal, if not the only caufe of them. 

Firff, That there is fuch a property, may be proved from this, that the 
parts of the Air are fome of them more condens’d, others more rarified, 
either by the differing heat, or differing prellure itfuftains, or by the 
fomewhat heterogeneous vapours interfpers’d through it. For as the Air 
is more or lefs rarified, fo does it more or lefs refrad a ray of light ( that 
comes out of a denfer medium) from the perpendicular. This you may 
find true, if you make tryal of this Experiment. 

Take a fmall Glafs-bubble, made in the form of that in the fecond 
Figure of the 37. Scheme , and by heating the Glafs very hot, and there¬ 
by very much rarifying the included Air, or, which is better, by ratify¬ 
ing a fmall quantity of water, included in it, into vapours, which will 
expel the moff part, if not all the Air, and then fealing up the fmall 
neck of it, and letting it cool, you may find, if you place it in a conve¬ 
nient Inffrument, that there will be a manifefi difference, as to the refra- 
dion. 

As if in this fecond Figure you fuppofe A to reprefent a fmall fight or 
hole, through which the eye looks upon an objed, as C, through the 
Glafs-bubble B, and the fecond fight L 5 all which remain exadly fixt 
in their feveral places, the objed C being fo cized and placed, that it 
may juft feemto touch the upper and under edge of the hole L : and 
fo all of it be feen through the fmall Glafs-ball bf rarified Air 5 then by 
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breaking off the fmall feal’d neck of the Bubble ( without at all ftirring 
the fights, objeft, or glafs ) and admitting the external Air, you will 
find your felf unable to fee the utmoft ends of the objed 5 but the termi¬ 
nating rayes A E and A D ( which were before refra&ed to G and F 
by the rarified Air ) will proceed almoft dire&ly to I and H 5 which al¬ 
teration of the rayes ( feeing there is no other alteration made in the 
Organ by which the Experiment is tryed, fave only the admiflion, or ex- 
clufion of the condens’d Air ) rauft neceffarily be caufed by the variation 
of the medium contain’d in the Glafs B $ the greateft difficulty in the ma¬ 
king of which Experiment, is from the uneven furfaces of the bubble, 
which will reprefent an uneven image of the objed. 

Now,that there is fuch a difference of the upper and under parts of the 
Air js clear enough evinc’d from the late improvement of the Torricellian 
Experiment, which has been tryed at the tops and feet of Mountains 5 
and may be further illuftrated , and inquired into, by a means, which 
fome whiles fince I thought of, and us d, for the finding by what degrees 
the Air pafles from fuch a degree of Denfity to fuch a degree of Rarity. 
And another, for the finding what preflure was requisite to make it pafs 
from fuch a degree of Rarefa&ion to a determinate Denfity: Which 
Experiments, becaufe they may be ufeful to illuftrate the prefent Inqui¬ 
ry, I fhall briefly deferibe, 

I took then a fmall Glafs-pipe A B, about the bignefs of a Swans quill, 
and about four foot long, which was very equally drawn, fo that, as far 
as I could perceive, no one part was bigger then another: This Tube 
('being open at both ends) I fitted into another fmall Tube DE, that 
had a fmall bore juft big enough to contain the fmall Pipe, and this was 
feal’d up at one, and open at the other, end 5 about which open end I 
faftned a fmall wooden box C with cement, fo that filling the bigger 
Tube, and part of the box, with Quickfilver, I could thruft the fmaller 
Tube into it, till it were all covered with the Quickfilver .* Having thus 
done, I faftned my bigger Tube againft the fide of a wall, that it might 
ftand the fteadier , and plunging the fmall Tube cleer under the Mercu - 
ry in the box, I ftopt the upper end of it very faft with cement, then 
lifting up the fmall Tube, I drew it up by a fmall pully, and a firing that 
I had faftned to the top of the Room, and found the height of the Mer¬ 
curial Cylinder to be about twenty nine inches. 

Then letting down the Tube again, I opened the top, and then thruft 
down the fmall Tube, till I perceived the Quickfilver to rife within it to 
a mark that I had plac’d juft an inch from the top^and immediately clap¬ 
ping on a fmall peice of cement that I had kept warm, I with a hot Iron 
feal’d up the top very faft, then letting it cool (that both the cement 
might grow hard , and more efpecially, that the Air might come to its 
temper, natural for the Day I try’d the Experiment in ) I obferv’d dili¬ 
gently, and found the included Air to be exactly an Inch. 

Here you are to take notice, that after the Air is feal’d up, the top of 
the Tube is not to be elevated above the fuperficies of the Quickfilver 
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in the box, till the furface of that within the Tube be equal to it, for 
the Quickfilver ( as I have elfewhere prove!) being more heterogene¬ 
ous to theGlafs then the Air, will not naturally rife upfo high within 
the fmall Pipe,as the fuperficies of the Mercury in the box j> and therefore 
you are to obferve, how much below the outward fuperficies of the 
Mercury in the box, that of the fame in the Tube does ftand, when the 
top being open, free ingrTs is admitted to the outward Air. 

Having thus done, I permitted the Cylinder , or fmall Pipe, to rife out 
of the box, till I found the furface of the Quickfilver in the Pipe to be 
two inches above that in the box, and found the Air to have expanded 
dt felf but one fixteenth part of an inch 3 then drawing up the fmall 
pipe, till I found the height of the Quickfilver within to be four inches 
above that without, I obferved the Air to be expanded only j of an inch 
more then it was at firfT , and to take up the room of 17 inch : then I 
raifed the Tube till the Cylinder was fix inches high, and found the Air 
to take up if inches of room in the Pipe 3 then to 8, io, 12. 
the expanfion of the Air that I found to each of which Cylinders are 
fet down in the following Table, where the firft row fignifies the 
height of the Mercurial Cylinder 5 the next, the expanfion of the Air j 
the third, the prefliire of the Atmofphere , or the higheft Cylinder of 
Mercury , which was then neer thirty inches : The Jaft fignifies the force 
of the Air fo expanded , which is found by fubftradfing the firft row of 
numbers out of the third} for having found, that the outward Air would 
then keep up the Quickfilver to thirty inches, look whatever of that 
height is wanting muff be attributed to theElater of the Air deprefiing. 
And therefore having the Expanfion in the fecond row,and the height of 
the fubjacent Cylinder of Mercury in the fir ftp and the greateft height of 
the Cylinder of Mercury^ which of .it felf counterbalances the whole 
prefliire of the Atmojphere 5 by fubftrafting the numbers of the firft row 
out of the numbers of the third, you will have the meafure oft heCylin* 
ders fb depreft, and confequently the force^f the Air,in the f^yeral Ex- 
panfions, regiftred. 


The 


/i 


Micrographia. 


224 


The height of the 

The Expan- 

The height of 

The ftrength 

Cylinder oi'Mer- 

fion of the 

the 

Mercury 

of' the Elater 

c//ry,that, together 

Air. 

that 

counter- 

of the expan- 

with the Elater of 
the included Air, 
ballanced the 

preflure of the 
Atmofphere. 


ballanc’d the 
Atmofphere 

ded Air. 

1_ _i 

L 

-- -> 

^ J ' 1 •-y— 

00 

OI 


30 

3 ° 

02 

01X 

IV 


30 

28 

°4 

01- 

7 


30 

26 

06 

oii 


30 

■ 24 

08 

oil 


30 

22 

IO 

J " * ' : 

OI_i 


30 

20 

12 

4 * . ' ... ... 

OI.S 

5 

J J , 

r / i • n J. 

3 ° 

18 

14 

01 Sr 


3 ° 

1 6 

1 6 

021 

J 7 


3 ° 

h 

18 

021 

9 


30 

12 

20 

03 


3 ° 

10 

22 

° 3 ~ 

f ; - 

30 

8 

24 

° 5 .t 

j' fit 

3 ° 

6 

2 5 

06l 


30 

1 ; . 0 r * 0 ! n 

5 

26 

OO 

O 


30 

4 

2 

°9t 


30 

3 f 

2 Gr 

ioi 

4 


30 

3 r 

VO 

Cl 

I? 


30 

3 r 

27 

r , i 

I 5r 


3 ° 

3 


height 














Micrographia. 

I had feveral other Tables of my Observations, and Calculations* 
which I then made 3 but it being above a twelve month fince I made 
them 5 and by that means having forgot many circumfiances and par¬ 
ticulars , T was refolved to make them over once again, which I did 
Auguft the Second 1 66 1. with the very lame Tube which I ufed the y<?ar 
before, when I firft made the Experiment ( for it being a very good 
one, I had carefully preferv’d it:; And after having tryed it over and 
over again 3 and being not well Satisfied of fome particulars, I, atlafi, 
having put all things in very good order, and being as attentive, and 
obfervant, aspoflibly 1 could, of every circumftance requisite to be ta** 
ken notice of, did regifier my Several Observations in this following 
Table. In the making of which, I did not exactly follow the method 
that I had ufed at firfi 3 but, having lately heard of Mr. Torvnlys Hypo* 
thefts , I Shap’d my courfeinfuch fort, as would be moft convenient for 
the examination of that Hypothefts 5 the event of which you have in the 
latter part of the laft Table. . ; 

The other Experiment was, to find what degrees of force were requi¬ 
site to compreSs, or condenfe, the Air into Such or Such a bulk. 

The manner of proceeding therein was this: I took a Tube about 
Eve foot long, one of whofe ends was fealed up, and bended in the form 
of a Syphon , much like that represented in the fourth Figure of the 
37. Scheme , one fide whereof A D, that was open at A, was about fifty 
inches long, the other fide B C* Shut at B, was not much above feven in¬ 
ches long 3 then placing it ex focly perpendicular , I pour’d in a little 
Quickfilver, and found that the Air B C was 6 % inches, or very near to 
Seven 3 then pouring in Quicksilver at the longer'Tube, I continued 
filling of it till the Air in the Shorter part of it was contracted into half 
the former dimenfions, and found the height exactly nine and twenty in¬ 
ches 3 and by making feveral other tryals, in Several other degrees of 
condensation of the Air, I found them exactly anfwer the former Hypo - 
thefts . - ... •> f * 

But having (by reafon it was a good while fince I firft rriadej forgot¬ 
ten many particulars,and being much unfatisfied in others, I made the Ex¬ 
periment over again, and, from the feveral tryals,colleded the former 
part of the following Table : Where in the row next the left hand 24. 
Signifies the dimenfions of the Air, Suftainingonly the preflure of the At - 
mofphere , which at that time was equal to a Cylinder of Mercury of nine 
and twenty inches: The next Figure above it ( 20 ) was the dimenfi¬ 
ons of the Air induringthe firfi compreffion,made by a Cylinder of Mer¬ 
cury 5^ high, to which the preflure of the At mofphere nine and twenty 
inches being added y the elaftick Strength of the Airio compreft will be 
found 34i%, 
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From which Experiments, I think, we may fafely conclude-, that the 
Elater of the Air is reciprocal to its extenfion, or at leaft very neer. So 
that to apply it to our prelent purpofe ( which was indeed the chief 
caule of inventing thefe wayes of tryal ) we will fuppofe a Cylinder in¬ 
definitely extended upwards, [I fay a Cylinder , not a piece of a Cone, 
becaufe, as I may elfewhere Ihew in the Explication of Gravity, that tri¬ 
plicate proportion of the fhelsof a Sphere, to their refpe&ive diameters, 
I fuppofe to be removed in this cafe by the decreale of the power of Gra¬ 
vity ] and the preflure of the Air at the bottom of this Cylinder to be 
ftrong enough to keep up a Cylinder of Mercury of thirty inches : Now 
becaufe by the moft accurate tryals of the moll: illuftrious and incompa¬ 
rable Mr. Boyle , published' in his delervedly famous Pneumatick Book, 
the weight of Quickfilver, to that of the Air here below, is found deer 
about as fourteen thoufand to one: If we fuppofe the parts of the Cy+ 
Under of the Atmojphere to be every where of an equal denlity, we (hall 
( as he there deduces ) find it extended to the height of thirty five 
thoufand feet, or feven miles: But becaufe by thefe Experiments we have 
fomewhat confirm’d the hypothefis of the reciprocal proportion of the 
Elaters to the Extenfions we fhall find, that by fuppofing this Cylinder of 
the Attnojphere divided into a thoufand parts, each of which being equi¬ 
valent to thirty five feet, or feven geometrical paces,that is,each of thefe 
divifions containing as much Air as is fuppos’d in a Cylinder neer the 
earth of equal diameter,and thirty five foot high, we fhall find the lower- 
moft toprefs againft the furface of the Earth with the whole weight of 
the above mentioned thoufand parts3 the preflure of the bottom of the 
fecond againft the top of the firft to be 1000—1=999. of the third 
againft the fecond to be 1000—2=998. of the fourth againft the third 
to be iooo—3=997. of the uppermoft againft the 999. or that next be- 
low it, to be icoo—999=1. fo that the extenfion of the lowermoft 
next the Earth, will be to the extenfion of the next below the upper¬ 
moft, as 1. to 999. for as the preflure fuftained by the 999. is to the 
preflure fuftain d by the firft, fo is the extenfion of the firft to the ex¬ 
tenfion of the 999. fb that, from this hypothetical calculation, we fhall 
find the Air to be indefinitely extended : For if we fuppofe the whole 
thicknefsof the Air to be divided, as I juft nowinftanced, into a thou¬ 
fand parts, and each of thofe under differing Dimenfions, or Altitudes, 
to contain an equall quantity of Air, we fhall find, that the firft CyUnder , 
whole Bale is fuppofed to lean on the Earth, will be found to be exton* 
ded 3 5^ foot 3 the fecond equal Divifion, or Cylinder , whole bajis is 
fuppofed to lean on the top of the firft,fhall have its top extended higher 
by 35^3 the third 35^3 the fourth 35^3 and fo onward, each e- 
qual quantity of Air having its dimenfions meafured by 35. and fome 
additional number expreft alwayes in the manner of a fra&ion, whole 
numerator isalway the number of the place multipli’d by 35. and 
whole denominator is alwayes the preflure of the Atmejphere fuftain’d by 
that part, fb that by this means we may eafily calculate the height of 999* 
divifions of thofe 1000. divifions, I fuppos’d 3 whereas the uppermoft 
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may extend it felf more then as high again,nay, perhaps indefinitely, or 
beyond the Moon 5 for the Elaters and Expansions being in reciprocal 
proportions, fince we cannot yet find the plus ultra , beyond which the Air 
will not expand it felf, we cannot determine the height of the Air; for 
fince, as we have fhewn, the proportion will be alway as the preflure 
foftain’d by any partis to 35. fo 1000. to the expanfionof that part 5 
the multiplication or produd therefore of the preflure, and expanfion, 
that is, of the two extream proportionals, being alwayes equal to the 
produd of the means, or 35000. it follows, fince that Redangle or 
Produdmay be made up of the multiplication of infinite diverfities of 
numbers, that the height of the Air is alfo indefinite, for fince (as far as 
I have yet been able to try) the Air feems capable of an indefinite Ex- 
panfion,the preflure may be decreased in infinitum, and ccnfequently its 
expanfion upwards indefinite alfo. 

There being therefore fuch a difference of denfity, and no Experi¬ 
ment yet known to prove a Saltus , or fkipping from one degree of rari¬ 
ty to another much differing from it, that is, that an upper part of the 
Air fhould fb much differ from that immediately fubjacent to it, as to 
make a diftind fuperficies, fuch as we obferve between the Air and Wa¬ 
ter, dv. But it being more likely, that there is a continual increafe of 
rarity in the parts of the Air, the further they are removed from the 
forface of the Earth: It will hence neceflarily follow, that (as in the 
Experiment of the fait and frefh Water) the ray of Light pafling ob¬ 
liquely through the Air alfo, which is of very different denfity, will be 
continually, and infinitely infleded, or bended, from a ftreight, or direct 
motion. 

This granted, the reafbn of all the above recited Thanomena , con¬ 
cerning die appearance of the Celeftial Bodies, will very eafily be de¬ 
duced. As, 

Firft, The rednefs of the Sun, Moon, and Stars, will be found to be 
caufed by the infledion of the rays within the Atmofphere . That it is 
not really in or near the luminous bodies, will, I fuppofe, be very eafily 
granted, feeing that this rednefs is obfervable in feveral places differing 
in Longitude, to be at the fame time different, the fetting andrifingSun 
of all parts being for the moft part red ; 

And fecondly. That it is not meerly the colour of the Air interpos’d, 
will, I fuppofe, without much more difficulty be yielded, feeing that we 
may obferve a very great inteiftitium of Air betwixt the Objedandthe 
Eye, makes it appear of a dead blew, far enough differing from a red, 
or yellow. 

But thirdly, That it proceeds from the rcfradion,or infledion, of the 
rays by the Atmojphere , this following Experiment will, I fuppofe, luffici- 
ently manifeft. 

Take a fphserical Cryftalline Viol, fuch as is deferib’d in the fifth Fi¬ 
gure A B C D, and, having fill’d it with pure clear Water, expofe it to 
the Sun beams 5 then taking a piece of very fine Venice Paper, apply it 
againft that fide of the Globe that is oppofite to the Sun, as agaiofl the 
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iideBC, and you fball perceive a bright red Ring to appear* caus’d by 
the refradion ofthe Rays, A A A A, which is made by the Globe 5 in 
which Experiment, if the Glafs and Water be very cleer, fo that there be 
no Sands nor bubbles in the Glafs, nor dirt in the Water, you (hall not 
perceive any appearance of any other colour. To apply which Experi¬ 
ment, we may imagine the Atmojpbere to be a great tranlparent Globe, 
which being of a fubftance more denlethen the other, or (which comes 
to the fame) that has its parts more denfe towards the middle, the Sun 
beams that are tangents, or next within the tangents of this Globe,will 
be refraded or infleded from their dired paflage towards the center of 
the Globe, whence, according to the laws ofrefradions made in atrian¬ 
gular Trifm^ and the generation of colour let down in the defcription of 
Mufeovi-glals,there muft neceflarily appear a red colour in thctranjitvs 
or paflage of thofe tangent Rays. To make this more plain, we will fup- 
pofe (in the lixth Figure') A B C D, to reprefent the Globe of the At - 
mofphere, E F G H to reprefent the opacous Globe of the Earth, lying 
in the midft of it, neer to which, the parts of the Air, fuftaining a very 
great prefliire, are thereby very much condens’d, from whence thofe 
Rays that are by infledion made tangents to the Globe of the Earth,and 
thofe without them, that pals through the more condens’d part of the At - 
mofphere , as fuppofe between A and E, are by realbn of the inequality 
of the medium^ infleded towards the center, whereby there mull necefe 
farily be generated a red colour, as is more plainly lhewn in the former 
cited place $ hence whatfoever opacous bodies (as vapours,or the like) 
lhall chance to be elevated into thofe parts,will relied a red towards the 
eye 5 and therefore thofe evenings and mornings appear reddeft,th&t have 
themoft ftore of vapours and halituous fubftances exhaled to a conve¬ 
nient diftance from the Earth 3 for thereby the infledion is made the 
greater,and thereby the colour alfo the more intenfe^and feveral of thofe 
exhalations being opacous, refled feveral of thofe Rays, which, through 
an Homogeneous tranfparent medium would pafs unfeen 5 and therefore we 
fee, that when there chances to be any clouds lituated in thofe Regions 
they refled a ftrong and vivid red. Now, though one great caufe of 
the rednels may be this infiedion,yet I cannot wholly exclude the colour 
of the vapours themfelves, which may have fomething of rednefs in them, 
they being partly nitrous,and partly fuliginous 5 both which fleams tinge 
the Rays that pals through them, as is made evident by looking at bodies 
through the fumes of Aqua fortn, or fpirit of Nitre [as the newly menti¬ 
oned Illuftrious Perfon has demonftrated] and alio through the fmoak of 
a Fire or Chimney. 

Having therefore made it probable at leafl, that the morning and 
evening rednels may partly proceed from this infledion or refradion of 
the Rays,we (hall next Ihew, how the Oval Figure will be likewife eaflly 
deduced* 

Suppofe we therefore, EFGH in the lixth Figure the Scheme^ 
to reprefent the Earth $ AB C D, the Atmojpere j E I, and E L, two Rays 
coming from the Sun, the one from the upper,the other from the neathef 
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Limb, thefe Rays, being by the Atmofphere infkCted, appear to the eye 
at E, as if they had come from the points^ N and O3 and becaufe the 
Ray L has a greater inclination upon the inequality of the Atmojpbere 
then I, therefore mult it fuffer a greater inflection, and confequently be 
further elevated above its true place, then the Ray I, which has aids 
inclination, will be elevated above its true place 3 whence it will 
follow, that the lower fide appearing neerer the upper then really it is, 
and the two lateral fides, viz, the right and left fide, fufferingno fenfible 
alteration from the inflexion, at lead what it does fuffer, does rather 
increafe the vifible Diameter then diminifh it, as I fhall fhew by and by, 
the Figure of the luminous body muft neceflarily appear fomewhat 
Elliptical, 

This will be more plain, if in the feventh Figure of th 37. Scheme we 
fiippofe A B to reprefent the fenfible Horizon 5 C D E F, the body of the 
Sun really below it 5 G HIK, the fame appearing above it, elevated 
by the inflexion of the Atmofphere : For if, according to the beft obser¬ 
vation, we make the vifible Diameter of the Sun to be about three or 
four and thirty minutes,and the Horizontal refraction according to Ticbo 
be thereabout,or fomewhat more,the lower limb of the Sun E,will be ele¬ 
vated to 1 5 but becaufe,by his account, the point C will be elevated but 
29. minutes, as having not fo great an inclination upon the inequality of 
the Air, therefore IG, which will be the apparent refraCted perpendicu¬ 
lar Diameter of the Sun,will be lefs then C G, which is but29« minutes,and 
confequently fix or feven minutes fhorter then the unrefraCted apparent 
Diameter. The parts, D and F, will be likewife elevated to H and K, 
whole refraCtion, by reafbn of its inclination, will be bigger then that of 
the point C,though left then that of E^therefore will the femidiameter IL, 
be fhorter then L G, and confequently the k under fide of the appearing 
Sun more flat then the upper. 

Now, becaufe the Rays from the right and left fides of the Sun, c fa. 
have been obferv’d by Ricciolo and Grimaldus , to appear more diftant 
one from another then really they are,though(by very manyObfervations 
that I have made for that purpofe,with a very good 1 elefcope ,fitted with a 
divided Ruler) I could never perceive any great alteration, yet there be¬ 
ing really fome,it will not be amifs,to fhew that this alfo proceeds from the 
refraftion or inflection of the Atmofphere 3 and this will be manifeft,if we 
confider the Atmofphere as a tranfparent Globe, or at leaft a tranfparent 
fhell, encompafiing an opacous Globe,which, being more denfe then the 
medium encompafiing it, refraCts or infleCts all the entring parallel Rays 
into a point or focus,fo that wherefoever the Obfervator is plac’d within 
the Atmofyhere) between the focus and the luminous body, the lateral 
Rays muft neceflarily be more converg’d towards his eye by the refraCti- 
on or inflection, then they would have been without it 3 and therefore 
the Horizontal Diameter of the luminous body muft neceflarily be aug¬ 
mented. 

This might be more plainly manifeft to the eye by the fixth Figure 3 
but becaufe it would beJomwhat tedious, and the thing being obvious 
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enough to be imagin’d by any one that attentively confiders it, I fhall fa- 
ther omit it, and proceed to fhew, that the mafs of Air neer the furface of 
theEarth,confifts,or is made up,of parcels,which do very much differ from 
one another in point of denfity and rarity $ and confequently the Rays of 
light that pafs through them will be varioufly infleded,here one way,and 
there another,according as they pafs fo or lb through thofe differing parts} 
andthofe parts being always in motion,either upwards or doWnwards,or 
to the right or left, or in fome way compounded of thefe, they do by this 
their motion infled the Rays, now this way, and prefently that way. 

This irregular,unequal and unconftant inflexion of the Rays of light, 
is the reafon why the limb of the Sun 0 Moon , Jupiter , Saturn , AIars 0 and 
Venus , appear to wave or dance} and why the body of the Starrs appear 
to tremulate or twinkle, their bodies,by this means, being fometimes ma- 
gnify’d,and fometimes diminifhed} fometimes elevated, otherwhiles de- 
prefs’d } now thrown to the right hand, and then to the left. 

And that there is fuch a property or unequal diftribution of parts, is 
manifeft from the various degrees of heat and cold that are found in the 
Air} from whence will follow a differing denfity and rarity, both as to 
quantity and refradion} and likewife from the vapours that are inter¬ 
pos'd, (which,by the way, I imagine,as to refradion or infledion, to do 
the lame thing, as if they were rarify’d Air } and that thofe vapours that 
afeend,are both lighter, and lefs denfe, then the ambient Air which boys 
them up} and that thofe which defcend, are heavier and more denfe) 
The firft of thefe may be found true, if you take a good thick piece of 
- Glafs,and heating it pretty hot in the fire, lay it upon fuch another piece 
of Glafs, or hang it in the open Air by a piece of Wire, then looking 
upon fome far diftant Objed (fuch as a Steeple or Tree) fo as the Rays 
from that Objed pafs diredly over the Glafs before they enter your eye, 
you fhall find fuch a tremulation and wavering of the remote Objed, as 
will very much offend your eye: The like tremulous motion you may 
obferve to be caus’d by the afeending fleams of Water, and the like. 
Now, from the firft of thefe it is manifeft, that from the rarifadion of the 
parts of the Air,by heat,there is caus’d a differing refradion,and from the 
afeenfion of the more rarify’d parts of the Air, which are thruft up by the 
colder, and therefore more condens’d and heavie, is caus’d an undula¬ 
tion or wavering of the Objed} for I think, that there are very few 
will grant, that Glafs, by as gentle a heat as may be endur’d by ones 
hand, fhould fend forth any of its parts in fteams or vapours, which does 
not feem to be much wafted by that violent fire of the green Glafs-houfe } 
but, if yet it be doubted, teti£xperiment be further made with that bo¬ 
dy that is accounted, by Chymifts and others^ the moft ponderous and 
fix’d in the world} for by heating of a piece of Gold, and proceeding in 
the fame manner, you may find the fame effeds. 

This trembling and fhaking ofthe Rays, is more fenfibly caus’d by an 
adual flame, or quick fire, or any thing elfe heated glowing hot} as by 
a Candle, live Coal, reddiot Iron, or a piece of Silver, and the like: the 
fame alfo appears very confpicuous, if you look at an Objed betwixt 
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which and your eye, the rifing fmoak of lome Chimney is interpos’d3 
which brings into my mind what I had once the opportunity toobferve, 
which was, the Sun rifing to my eye juft over a Chimney that fcnt forth 
a copious fteam of fmoak 5 and taking a Ihort Telejcope , which I had then 
by me, I obferv dthe body of the Sun, though it was but juft peepd 
above the Horizon, to have its underline, not onely flatted, and prels’d 
inward, as it ufualJy is when neer the Earth $ but to appear more pro¬ 
tuberant downwards then if it had fuffered no refra&ion at all 5 and 
befides all this, the whole body of the Sun appear’d to tremble or dance, 
and the edges or limb to be very ragged or indented, undulating or wa¬ 
ving, much in the manner of a flag in the Wind. 

This I have Iikewile often oblerv’d in a hot Sunfhiny Summer’s day, 
that looking on an Objeft over a hot ftone,or dry hot earth,! have found 
the Obje<ft to be undulated or lhaken, much after the lame manner. And 
if you look upon any remote Objedf through a Telejcope (in a hot Sum¬ 
mer's day efpeciallyj) you lhall find it likewife to appear tremulous. And 
further, if there chance to blow any wind, or that the air between you 
and the Objeft be in a motion or current, whereby the parts of it, both 
rarify’d and condens’d, are Iwiftly remov’d towards the right or left, if 
then you obferve the Horizontal ridge of a Hill far diftant,through a very 
good Telejcope , you lhall find it to wave much like the Sea, and thole 
Waves will appear to pafs the lame way with the wind. 

# From which,and many other Experiments, ’tis cleer that the lower Re¬ 
gion of the Air,efpecially that part of it which lieth neereft to the Earth, 
has, for the moft part,its conftituent parcels varioully agitated, either by 
heat or winds, by the firft of which, fome of them are made more rare, 
and lo fuffer a lels refra&ion 5 others are interwoven, either with amend¬ 
ing ordefeending vapours 3 the former of which being more light, and 
fo more ratify’d,have Iikewile a left refradtion 5 the latter being more hea* 
vie, and conlequently more denle,have a greater. 

Now, becaule that heat and cold are equally diffus’d every way 3 and 
that the further it is Iprcad, the weaker it grows 3 hence it will follow, 
that the moft part of the under Region of the Air will be made up of fe- 
veral kinds of lentes , fome whereof will have the properties of Convex , 
Others of Concave glajjes 3 which, that I may the more intelligibly make 
out, we will fuppofe in the eighth Figure of the 37. Scheme, that A re- 
prelents an afeending vapour, which, by reafbn of its being fomewhat 
Heterogeneous to the ambient Air,is thereby thruft into a kind ofGlobuIar 
form, not any where terminated, but gradually finilhed, that is, it is moft 
rariiy’d in the middle about A, fomewhat more condens’d about B B, 
rilore then that about C C 3 yet further.about D D, almoft of the fame 
denfity with the ambient Air about EE 3 and laftly, inclofed with the 
more denle Air F F, fo that from A, to F F, there is a continual in- 
creafe of denfity. The reafon of which will be manifeft, if we confider the 
rifing vapour to be much warmer then the ambient heavie Air 3 for by 
the coldnefs of the ambient Air, the Ihell EE will be more refrigerated 
then D D,and that then CC,which will be yet more thcnB B, and that 
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more then A 5 fothat from F to A, there is a continual increafe of heat, 
and confequently of rarity 5 from whence it will neceilarily follow, that 
the Rays of light will be infle&ed or refra&ed in it, in the fame man¬ 
ner as they would be in a Concave-glafe 3 for the Rays GKI^ G K I will 
be infledted by G K H, G K H, which will eafily follow from what I be¬ 
fore explained concerning the inflexion of the Atmojphere. 

On the other fide, a defending vapour,or any part of the air included 
by an afcending vapour,will exhibit the lame efie&s with a Convex lens 5 
for,if we fuppofe,in the former Figure,the quite contrary conftitution to 
that lad defcrib’d 3 that is, the ambient Air F F being hotter then any 
part of that matter within any circle, therefore the coldeft part muff 
neceilarily be A, as being fartheft remov’d from the heat, all the 
intermediate fpaces will be gradually diferiminated by the continuall 
mixture of heat and cold, fo that it will be hotter at E E, then D D, in 
DDthen CC/inCC then EB, and in B B then A. From which, a like 
refradion and condenfation will follow 3 and conlequently a lefler or 
greater refradion, fo that, every included part will refrad more then the 
including, by'which means the Rays, G K I, G K I, coming from a Starr, 
or fome remote Objed, arefo inheded, that they will again concurr and 
meet, in the point M. By the interpofition therefore of this defeending 
vapour the vifible body of the Star, or other Objed, is very much aug¬ 
mented, as by the former it was diminilhed. 

From the quick confecutions of thefe two,one after another, between 
the Objed and your eye,caufed by their motion upwards or downwards, 
proceeding from their levity or gravity, or to the right or left,proceed- 
ing from the wind, a Starr may appear, now bigger, now lefs, then really 
it would otherwise without them 3 and this is that property of a Starr, 
which is commonly call’d twinkling, or fcintillation. 

The reafon why a Star will now appear of one colour,now of another, 
which for the moft part happens when ’tis neer the Horizon, may very 
eafily be deduc’d from its appearing now in the middle of the vapour, 
other whiles neer the edge 3 for if you look againft the body of a Starr 
with a Telefcope that has a pretty deep Convex Eye-glafi, and lb order it, 
that the Star may appear fometimes in one place,and fometimes in another 
of it3you may perceive this or that particular colour to be predominant 
in the apparent Figure of the Starr, according as it is more or lefs remote 
from the middle of the Ie»j-/This I had here further explain’d, but that 
it does more properly belong to another place. * 

I fhall therefore onely add lome few Quaeries, which the confideration 
of thefe particulars hinted, and fo finifh this Seftion. 

And the firftl fhall propound is, Whether there may not be made ari 
artificial tranfparent body of an exa£t Globular Figure that fhall fb 
infleft or refraft all the Rays, that,coming from one point, fall upon any 
Hcmifphere of it 3 that every one of them may meet on the oppofite fide, 
and crofs one another exa&ly in a point 3 and that it may do the like alfo 
with all the Rays that, coming from a lateral point, fall upon any other 
Hevtijpherej for iffo, there were to be hoped a perfection of Dioptricks , 
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and a tranfmigration into heaven, even whil’ft we remain here upon earth 
in the flefh, and a defeending or penetrating into the center and inner- 
moft recedes of the earth, and all earthly bodies 5 nay, it would open not 
onely a cranney, but a large window (as I may fo fpeak) into the Shop of 
Nature, whereby we might be enabled to fee both the tools and opera¬ 
tors, and the very manner of the operation it felf of Nature 5 this, could 
it be effected, would as farr furpafs all other kind of perfpe&ives as the 
vaft extent of Heaven does the imall point of the Earth, which diftance 
it would immediately remove, and unite them, as ’twere,into one,at lead, 
that there fhould appear no more diftance between them then the length 
of the Tube, into the ends of which thefe Glafles fhould be nferted: 
Now, whether this may not be effected with parcels of Glafs of teveral 
denfities, I have fometimes proceeded fo farr as to doubt (though in 
truth, as to the general, 1 have wholly defpair d of it) for I have often 
obterv’d in Optical Glafles a very great variety of the parts, which are 
commonly called Veins 5 nay, fome of them round enough (for they are 
for the moft part, drawn out into ftrings) to conftitute a kind of lens. 
This I fhould further proceed to ope, had any one been fo in- 
quifitive as to have found out the way of making any tranfparent body, 
either more denfe or more rare? for then it might be poflible to compote 
a Globule that fhould be more dente in the middle of it, then in any 
other part, and to compote the whole bulk, fo as that there fhould be a 
continual gradual tranfltion from one degree of denfity to another3 fuch 
as fhould be found requifite for the defired inflexion of the tranfrnigra .- 
ting Rays 5 but of this enough at prefent, becaufe I may fay more of it 
when I let down my own Trials concerning the melioration of Dioptric/^, 
where I fhall enumerate with how many feveral fubftances I have made 
both Microjcopes , and Telefccpes , and by what and how many, ways : Let 
fuch as have leifure and opportunity farther confider it. 

The next Quaery fhall be, whether by the fame collection of a more 
dente body then the other, or at leaft, of the denfer part of the other, 
there might not be imagin’d a reafon of the apparition of fome new fix’d 
Stars, as thofe in the Swan, Cajjiope s Charr^ Serpentarius , Fifcis , Ce- 
tus 0 8cc. 

Thirdly, Whether it be poflible to define the height of th eAtwofphere 
from this inflection of the Rays, or from the Quickfilver Experiment of 
the rarifaCtion or exteniion of the Air. 

Fourthly, Whether the difparity between the upper and under Air be 
not fometimes fo great, as to make a reflecting fuperficies3 I have had fe¬ 
veral Obfervations which feem to have proceeded from fome fuchcaute, 
but it would be too long to relate and examine them. An Experiment, 
alfo fomewhat analogous to this, I have made with Salt-water and Frefh, 
which two liquors,in moft Pofitions,teem’d the fame, and not to be fepa- 
rated by any determinate fuperficies,which feparating furface yet in fome 
other Pofitions did plainly appear. 

And iffo. Whether the reafon of the equal bounding or terminus of 
the under parts of the clouds may not proceed from this caufe 3 whether, 
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fecondly, the Reafon of the apparition of many Suns may not be found 
out, by confidering how the Rays of the Sun may io be reflected, as to 
defcribe a pretty true Image of the body,as we rind them from any regu¬ 
lar Superficies. Whether alfb this may not be found to caufe the appa¬ 
rition of feme of thofe Varela , or counterfeit Suns, which appear colou¬ 
red^ refrading the Rays lb, as to make the body of the Sun appear in 
quite another place then really it is. But of this more ehewhere. 

5. Whether the Phenomena of the Clouds may not be made out by 
this diverfity of denfity in the upper and under parts of the Air, by 
fuppofing the Air above them to be much lighter then they themfelves 
are, and they themfelves to be yet lighter then that which is fubjacent 
to them, many of them feeming to be the fame fubftance with the Cob¬ 
webs that fly in the Air after a Fog. 

Now that fuch aconftitution of the Air and Clouds, if Ilich there be, 
may be fuffieient to perform thiseffed, may be confirm’d by this Expe¬ 
riment. 

Make as ftrong a Solution of Salt as you are able^ then filling a Glafs 
of fome depth half full with k, fill the other half with frdh Water, and 
poyfe a little Glals-bubble, fo as that it may fink pretty quick in frefh 
Water, which take and put into the aforefaid Glafs, and you (hall find 
it to fink till it comes towards the middle, where it will remain fixt* 
without moving either upwards or downwards. And by afecond Ex¬ 
periment, of poifing fuch a bubble in Watery whole upper part is warmer, 
and confcquently lighter, then the under, which is colder and heavier 3 
the manner of which follows in this next Qusery, which is, 

6 . Whether the rarifadion and condenfation of Water be not made 
after the fame manner, as thofe eflfeds are produc’d in the Air by heat $ 
for I once pois’d a foal'd up Glals-bubble lb exadly, that never fo Imall 
an addition would make it fink, and as fmall a detradion make it fwim, 
which luffering to reft in that Veflel of Water for fome time, I alwayes 
found it about noon to be at the bottom of the Water, and at night, and 
in the morning, at the top : Imagining this to proceed from the Rari¬ 
fadion of the Water, caus’d by the heat, I madetryal, and found moft 
true 5 for I was able at any time, either to deprefs, or raife it, by heat 
and cold 3 for if I let the Pipe ftand for fome time in cold water, I 
could eafily raife the Bubble from the bottom, whither I had a little a- 
fore detruded it, by putting the fame Pipe into warm Water. And this 
way I have been able, for a very confiderable time, to keep a Bubble lb 
poys*d in the Water, as that it Ihould remain in the middle, and neither 
fink, nor fwim : For gently heating the upper part of the Pipe with a 
Candle, Coal, or hot Iron, till I perceived the Bubble begin to defeend, 
then forbearing, I have obferved it to defeend to fuch or fuch a ftationr, 
and there to remain fulpended for fome hours, till the heat by degrees 
were quite vanilhed , when it would again afeeftd to its former place. 
This I have alfo often obforved naturally performed by the heat of the 
Air, which being able to rarifie the upper parts of the Water foonef 
then the lower, by reafon of its immediate contact, the heat of the Ait 
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has fometimesfo (lowly increafed, that I have obfervedthe Bubble to be 
feme hours in palling between the top and bottom. 

7. Whether the appearance of the Pike of Tenerife and feveral other 
high Mountains., at fo much greater a distance then feems to agree with 
their refpective heights , be not to be attributed to the Curvature of the 
vifual Ray, that is made by its pafling obliquely through (o differingly 
Denje a Medium from the top to the eye very far diftant in the Hori¬ 
zon : For fince we have already., I hope, made it very probable, that 
there is fuch an inflexion of the Rays by the differing denfity of the 
parts of the Air 3 and (ince I have found , by feveral Experiments made 
on places comparatively not very high, and have yet found the prefliire 
fiiftain’d by thofe parts of the Air at the top and bottom, and alfo their 
differing Expaniions very confiderable : Infomuch that I have found the 
prefliire of the Atmojphere lighter at the top of St. Pauls Steeple in Lon¬ 
don ( which is about two hundred foot high ) then at the bottom by a 
fixtieth or fiftieth part, and the expanfion at the top greater then that at 
the bottom by neer about fo much alfo3 for the Mercurial Cylinder at the 
bottom was about 39. inches, and at the top half an inch lower 5 the Air 
alfo included in the Weather-glafs,that at the bottom fill'd only 155. fpa- 
ces, at the top fill’d 158. though the heat at the top and bottom was 
found exaCtly the fame with a feal’d Thermometer : I think it very rational 
to fuppofe , that the greateft Curvature of the Rays is made neareft the 
Earth,and that the inflexion of the Rays, above 3. or 4. miles upwards, is 
very inconfiderable, and therefore that by this means fuch calculations of 
the height of Mountains, as are made from the diftance they are vifible in 
the Horizon,from the fuppolal that that Ray is a ftraight Line (that from 
the top of the Mountain is, as twere, a Tangent to the Horizon whence it 
is feen) which really is a Curve , is very erroneous. Whence, I fuppofe,pro- 
ceeds the reafonof the exceedingly differing Opinions and Aflertionsof 
feveral Authors, about the height of feveral very high Hills. 

8. Whether this Inflection of the Air will not very much alter the fop- 

pofed diftances of the Planets, which feem to have a very great depen¬ 
dence upon the Hypothetical refraCtion or inflection of the Air, and that 
refraCtion upon the hypothetical height and denfity of the Air: For 
fince ( as I hope ) I have here (hewn the Air to be quite otherwife then 
has been hitherto fuppos’d, by manifeffing it to be, both of a vaft , at 
leafl an uncertain, height, and of an unconffant and irregular denfity 3 
It muff: neceffarily follow, that its inflection muff: be varied accordingly: 
And therefore we may hence learn, upon what fure grounds all the A- 
ftronomers hitherto have built, who have calculated the diftance of the 
Planets from their Horizontal Parallax 3 for fince the RefraCtion and Pa¬ 
rallax are fo nearly ally'd, that the one cannot be known without the 
other, efpecially by any wayes that have been yet attempted, how uncer¬ 
tain muft the Parallax be,when the RefraCtion is unknown? And how eafie 
is it for Aftronomers to aflign what diftance they pleafe to the Planets,and 
defend them,when they have fuch a curious fubterfuge as that of RefraCti¬ 
on wherein a very little variation wili allow them liberty enough to place 
the Celeftial Bodies at what diftance they pleafe. (f 
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If therefore we would come to any certainty in this point, we muft go 
other wayes to work j and as I have here examined the height and refra¬ 
ctive property of the Air by other wayes then are ufual , fo muft we 
find the Parallax of the Planets by wayes not yet pra&ifed , and to this 
end, I cannot imagine any better way, then the Obfervations of theiii by 
two perfons at very far diftant parts of the Earth, that lye as neer as may 
be under the fame Meridian, or Degree of longitude , but differing as 
much in latitude, as there can be places conveniently found : Thefe two 
perfons, at certain appointed times, fhould ( as near as could be ) both 
at the fame time, obferve the way of the Moon , Mars , Venus , Jupiter , 
and Saturn , amongft the fixt Stars, with a good large Telefcope , and ma¬ 
king little Iconifmes, or pi&ures, of the fmall fixed Stars, that appear to 
each of them to lye in or near the way of the Center of the Planet, and 
the exaft meafure of the apparent Diameter $ from-the comparing of 
fuch Obfervations together, we might certainly know the true diftance, 
or Parallax, of the Planet. And having any one true Parallax of thefe 
Planets, we might very eafily have the other by their apparent Diame¬ 
ters, which the Telefcope likewife affords us very accurately. And thence 
tht ir motions might be much better known, and their Theories more ex- 
attiy regulated. And for this purpofe I know not any one place more 
convenient for fuch an Obfervation to be made in, then in the Iflandof 
St. Helena, upon the Coaftof Africf, which lyes about fixteen degrees 
to the Southwards of the Line* and is very near, according to the lateft 
Geographical Maps, in the lame Meridian with London , for though 
they may not perhaps lye exa&ly in the fame, yet their Obfervations, 
being ordered according to what I fhall anon (hew, it will not be diffi¬ 
cult to find the true diftance of the Planet. But were they both under 
the fame Meridian, it would be much better. 

And becaufe Obfervations may be much eafier, and more accurately 
made with good Telefcopes,xhtn with any other Inftruments, it will not, 
Ifuppofe, feem impertinent to explain a little what wayes 1 judge moft 
fit and convenient for that particular. Such therefore as fhall be the 
Obfervators for this purpofe, fhould be furnifhed with the beft Tclefcopes 
that can be had, the longer the better and more exaift will their Obler- 
vatiens be, though they are lomewhat the more difficultly manag’d. 
Thefe fhould be fitted with a Rete, or divided Scale, plac’d at fuch a di¬ 
ftance within the Eye-glafs,that they may be diftinftly feen,which fhould 
be the meafures of minutes and feconds * by this Inftrument each Ob- 
fervator fhould, at certain prefixt times, obferve the Moon, or other 
Planet, in, or very near, the Meridian * and becaufe it may be very diffi¬ 
cult to find two convenient ftations that will happen to be juft under the 
fame Meridian, they fhall, each of them, obferve the way of the Planet, 
both for an hour before, and an hour after, it arrive at the Meridian $ 
and by a line, or ftroke, amongft the fmall fixed Stars, they fhall denote 
out the way that each of them obferv’d the Center of the Planet to be 
mov’d in for thofe two hours: Thefe Obfervations each of them fhall 
repeat for many dayes together, that both it may happen, that both of 

them 
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them may fometimes make their Obfervations together, and that from 
divers Experiments we may be the better allured of what certainty and 
exafrnefs fuch kind of Obfervations are like to prove. And becaufe ma¬ 
ny of the Stars which may happen to come within the compafs of fuch 
an Iconifm , or Map, may be fuch as are only vifible through, a good Tele - 
Jcope, whole Pofitions perhaps have not been noted, nor their longitudes, 
or latitudes, any where remarked} therefore each Obfervator fhould in- 
deavour to infert fome fixt Star,whofe longitude, and latitude, is known } 
or with his Telefeope he (hall find the Pofition of fome notable telejcopical 
Star, inferted in his Map, to fome known fixt Star, whofe place in the Zo- 
diack^ is well defin’d. 

Having by this means found the true diftance of the Moon, and ha¬ 
ving oblerved well the apparent Diameter of it at that time with a good 
Tele/cope , it is eafie enough, by one fingle Obfervation of the apparent 
Diameter of the Moon with a good Glafs, to determine her diftances 
in any other part of her Orbit, or Dragon , and confequently, fome few 
Oblervations will tell us, whether (he be mov’d in an Ellipfis y (which, by 
the way, may alio be found, even now, though I think we are yet igno¬ 
rant of her true diftance ) and next ( which without fuch Obfervati¬ 
ons, I think, we (hall not be fure of ) we may know exadlly the bignefs of 
that El/ipjis, or Circle, and her true velocity in each part, and thereby be 
much the better inabled to find out the true caufe of all her Motions. 
And though, even now alio, we may, by fuch Obfervations in one ftati- 
on, as here at London , obferve the apparent Diameter and motion of the 
Moon in her Dragon , and confequently be inabled to make a better 
ghefs at the Species or kind of Curve, in which {he is mov’d, that is, 
whether it be fphaerical, or elliptical , or neither, and with what propor¬ 
tional velocities (he is carried in that Curve 5 yet till her true Parallax 
be known, we cannot determine either. 

Next, for the true diftance of the Sun, the beft way will be, by accu¬ 
rate Obfervations, made in both thefe forementioned ftations, of fome 
convenient Eclipfe of the Sun, many of which may fo happen, as to be 
feen by both} for the Penumbra of the Moon may, if fhe be fixty Semi¬ 
diameters diftant from the Earth, and the Sun above feven thoufand, ex¬ 
tend to about feventy degrees on the Earth , and confequently be feen 
by Obfervators as far diftant as London , and St. Helena , which are not 
full fixty nine degrees diftant. And this would much more accurately, 
then any way that has been yetufed, determine the Parallax, and di¬ 
ftance, of the Sun} for as for the Horizontal Parallax I hare already 
(hewn it fufficiently uncertain } nor is the way of finding it by the Eclipfe 
of the Moon any other then hypothetical} and that by the difference of 
the true and apparent quadrature of the Moon is lels not uncertain, wit- 
Hefs their Deductions from it,who have made ufe of it} for Vendeline puts 
that difference to be but 4'. 30". whence he deduces a vaft diftance of 
the Sun, as I have before (hewn. Ricciolo makes it full 30'. 00. but Rei* 
noldus , and Kircher , no lefs then three degrees. And no wonder, for if 
we examine the Theory , we (hall fi^d it fo complicated with uncertain¬ 
ties, Firft, 
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Firft, From the irregular furface of the Moon, and from feveral Paral¬ 
laxes, that unlefs the Dichotomy happen in the Nonageflimus of the Eclip¬ 
tic 4 , and that in the Meridian, &c. all which happen fo Very feldom, 
that it is almoft impoffible to make them otherwife then uncertainly. 
Befides, we are not yet certain, but that there may be fomewhat about 
the Moon analogus to the Air about the Earth, which may caufe a refra¬ 
ction of the light of the Sun, and confequently make a great difference 
in the apparent dichotomy of the Moon. 1 heir way indeed is very 
rational and ingenious 5 and fuchasis much to be preferr’d before the 
way by the Horizontal Parallax, could all the uncertainties be remov’d, 
and were the true diftance of the Moon known. 

But becaufe we find by the Experiments of Vendiline , Reinoldus , See* 
that Obfervations of this kind are very uncertain alfo: It were to be 
wifht, that fuch kind of Obfervations, made at two very diftant ftati- 
ons, were promoted. And it is fo much the more defirable, becaufe, from 
what I have now fhewn of the nature of the Air, it is evident* that the 
refraCtion may be very much greater then all the Aftronoiiiefs hitherto 
have imagined it: And confequently, that the diftance of the Moon, and 
other Planets, may be much lefle then what they have hitherto made 
it. 

For firft, this Inflexion, I have here propounded* will allow the fha- 
dow of the Earth to be much fhorter then it can be made by the other 
Hypothecs of refraCtion, and confequently, the Moon will not fuffer an 
Eclipfe, unlefs it comes very much nearer the Earth then the Aftronomers 
hitherto have fuppofed it. 

Secondly, There will not in this Hypothecs be any other fhadow of the 
Earth, fiich as Kepler fuppofes, and calls the Penumbra , which is the fha¬ 
dow of the refrading Atmojphere 3 for the bending of the Rays being al¬ 
together caus’d by Inflection , as 1 have already lhewn , all that part 
which is aferibed by Kepler , and others after him, to the Penumbra , or 
dark part, which is without the umbra terra , does clear vanifh 3 for in 
this Hypothefls there is no refracting furface of the Air, and confequently 
there can be no fhadows, fuch as appear in the ninth Figure of the 37. 
Scheme , where let ABCD reprefen t the Earth, and EFGH the^t- 
mojphere, which according to Keplers fuppofition,is like a Sphere of Water 
terminated with an exaCt furface EFGH, let the lines M F, L B, ID, 
KH, reprefent the Rays of the Sun 3 ’tis manifeft, that all the Rayes be¬ 
tween L B, a^id I D, will be reflected by the furface of the Earth 
BAD, and cdnfequently, the conical fpace BOD would be dark and 
obfcure 3 but, lay the followers of Kepler , the Rays between M F, and 
LB, and between ID, and KH, falling on the Atmojphere * are re- 
fraCted, both at their ingrefs and egrefs out of the Atmojphere, nearer to¬ 
wards the Axis of the fpaerical fhadow C O, and confequently, inlighten 
a great part of that former dark Cone, and fhorten, and contraCt, its top 
to N. And becaufe of this Reflection of thefeRays, fay they, there is 
fuperindue’d another fhell of a dark Cone F P H, whofe Apex P is yet 
further diftant from the Earth: By this Penumbra , fay they, the Moon 
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is Eclipfed , for it. alwayes pafles between the lines i 2, and 

■3 4 * 

To which I fay. That if the Air be fuch, as I have newly fhewn it to 
be, and confequently caufe fuch an infection of the Rays that fallinto 
it, thofedark Tenumbra's F Y Z H X VT ,• and O R P S. will all va¬ 
nish. For if we fuppofe the Air indefinitely extended, and to be no 
where, bounded with a determinate refradfing fin-face, as I have fhewn 
it uncapable of having, from the nature of it 3 it will follow, that the 
Moon will no where be totally obfeured, but when it is below the Apex 
N, of the dark blunt Cone of the Earth’s ihadow:Now,from the luppofi- 
tion, that the Sun is diftant about feven thoufand Diameters, the point 
N, according to calculation, being not above twenty five terrefirial Se¬ 
midiameters from the Center of the Earth: It follows, that whenfoever 
the Moon eclipfed is totally darkned, without affording any kind of 
light, it muff be within twenty five Semidiameters of the Earth, and con¬ 
fequently much lower then any Aftronomers have hitherto put it. 

This will feem much more confonant to the reft of the iccundary Pla¬ 
nets 5 for the higheft of Jupiter s Moons is between twenty and thirty 
Jovial Semidiameters diftant from the Center of Jupiter 3 and the Moons 
of Saturn much about the fame number of Saturnial Semidiameters from 
the Center, of that Planet. 

But thefe are but eonje&ures alio,and muft be determin’d by fiich kind 
of Obfervations as I have newly mention’d. 

Nor will it be difficult, by this Hypothefis^ tofalve allthe appearances 
of Eclipfes of the Moon, for in this Hypothecs alfo, there will be,on each 
fide of the fhadow of the Earth, a Penumbra^ not caus’d by the Refracti¬ 
on of the Air, as in the Hypothecs of Kepler 3 but by the faint inlight¬ 
ning of it by the Sun : For if, in the fixth Figure,we fuppole E S CL, and 
G SR,to be the Rays that terminate the Ihadow from either fide of the 
Earth 3 E S CL coming from the upper limb of the Sun, and GSR from 
the under 3 it will follow, that the Ihadow of the Earth, within thofe 
Rays, that is, the Cone G S E, will be totally dark. But the Sun being 
not a point, but a large area of light, there will be a fccondary dark 
Cone of fhadow EPG, which will be caus’d by the earth’s hindring 
part of the Rays of the Sun from falling on the parts G P R, and E P CL 
of which halved fhadow, or Penumbra , that part will appear brighteft 
which lyes neareft the terminating Rayes G P, and EP, and thofe dar¬ 
ker that lye neareft to G S, and E S : when therefore the Moon ap¬ 
pears quite dark in the middle of the Eclipfe,lhe muft be below S,that is, 
betweeh S and F 3 when (lie appears lighter near the middle of the 
Eclipfe, fhemuft pafs fbme where between R CL and S3 and when fhe 
is alike light through the whole Eclypfe, fhemuft pafs between R<L, 
and P. 
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Obfcrv. LIX. Of multitudes of fmall Scars difeover able by the, 
Telcfcope. 

H Aving,in thelaft Obfervation, premis’d fome particulars oblervable 
r in the medium^th rough which we mull look upon Cxlejlial Objc&s, 
I thall here add one Obfcrvation of the Bodies themfelves 3 and for a 
jpecimen I have made choice of the Pleiades^ or feven Stars., commonly lo 
called ( though in our time and Climate there appear no more then fix 
to the naked eye ) and this I did the rather, becaufe the defervedly fa¬ 
mous Galileo , having publifht a Pi&ure of this Jflerifme, was abie, it 
feems, with his Glafs to difeover no more then thirty fix, whereas with a 
pretty good twelve foot Telefcope f>y which I drew this 38 Iconifm^ I could 
very plainly difeover feventy eight, placed in the order they are ranged 
in the Figure, and of as many differing Magnitudes as the Afierisfa 
wherewith they are Marked, do fpccifie $ there being no lefs then four¬ 
teen leveral Magnitudes of thole Stars, which are compris'd within the 
draught, the biggefi: whereof is not accounted greater then one of the 
third Magnitude j and indeed that account is much too big,if it be com¬ 
pared with other Stars of the third Magnitude, efpecially by the help of 
a Telefcope , for then by it may be perceiv'd, that its fplendor, to the na¬ 
ked eye, may be Ibmewhat augmented by the three little Stars immedL 
ately above it, which are nearadjoyningto it. The Telefcope alfo difeo. 
vers a great variety, even in the bignels of thofe, commonly reckon'd, of 
the firff, fecond, third, fourth, fifth, and fixth Magnitude 5 fo that Ihould 
they be diftinguifh'd thereby, thofe fix Magnitudes would, at lead, af¬ 
ford no lefs then thrice that number of Magnitudes, plainly enough di- 
ftinguilhable by their Magnitude, and brightnefs 5 fo that a good twelve 
foot Glafs would afford us no lefs then twenty five feveral Magnitudes, 
Nor are thefe all, but a longer Glafs does yet further, both more nicely 
diftinguilh the Magnitudes of thole already noted, and alfo difeover le- 
veral other of fmaller Magnitudes, not dilcernable by the twelve foot 
Glals: Thus have I been able, with a good thirty fix foot Glals, to difeo¬ 
ver many more Stars in the Pleiades then are here delineated, and thole 
of three or fourdiftinft Magnitudes lefs then any of thole ipots of the 
fourteenth Magnitude. And by the twinkling of divers other places of 
this Ajlerijhse, when the Sky was very clear, I am apt to think, that with 
longer Glalles, or fuch as Would bear a bigger aperture , there might be 
difeovered multitudes of other fmall Stars, yet inconfpicuous. And in¬ 
deed, for the dilcovery of fmall Stars, the bigger the aperture be, the 
better adapted is the Glafs 5 for though perhaps it does make the feveral 
fpecks more radiant, and glaring, yet by that means, uniting more Rays 
very near to one point, it does make many of thofe radiant points confpi- 
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cuous, which, by putting on a lefs aperture , may be found to vanifh , 
and therefore, both for the difeovery of the fixt Star, and for finding the 
Satellites of Jupiter , before it be out of the day, or twilight, Ialwayes 
leave the Objed-glafs as clear without any aperture as I can , and have 
thereby been able to difeover the Satellites a long while before} I was 
able to difeern them, when the fmaller apertures were put on 5 and at o- 
ther times, to fee multitudes of other fmaller Stars, which a fmaller aper¬ 
ture makes to difappear. 

In that notable Ajlerifm alfo of the Sword of Orion , where the ingeni¬ 
ous Monfieur Hugens van Zulichemhas difeovered only three little Stars 
in a clutter, I have with a thirty fix foot Glafs,without any aperture (the 
breadth of the Glafs being about fome three inches and a half )difcover’d 
five, and the twinkling of divers others up and down in divers parts of 
that fmall milky Cloud. 

So that ’tis not unlikely, but that the meliorating of Tclcfcopes will af¬ 
ford as great a variety of new Difcoveries in the Heavens, as better Mi- 
crofcopes would among fmall terrettrial Bodies, and both would give us 
infinite caufe, more and more to admire the omnipotence of the Crea¬ 
tor. 


Obferv. LX. Of the Moon. 

H Aving a pretty large corner of the Plate for the feven Starrs, void, 
for the filling it up, I have added one fmall Specimen of the ap¬ 
pearance of the parts of the Moon, by deferibing a fmallfpot of it,which, 
though taken notice of, both by the Excellent Hevelius , and called Mons 
Olympus ('though I think fomewhat improperly, being rather a vale) and 
reprefented by the Figure X,of the 38. Scheme , and alfo by the Learn’d 
Ricciolus , who calls it Hipparchus , and deferibes it by the Figure Y, yet 
how far fhort both of them come of the truth, may be fomewhat per¬ 
ceiv’d by the draught, which I have here added of it, in the Figure Z, 
( which I drew by a thirty foot Glafs, in October 1664. juft before the 
Moon was half inlightned) but much better by the Reader’s diligently 
obforving it himfelf, at a convenient time, with a Glafs of that length, 
and much better yet with one of threefcore foot long $ for through thefo 
it appears a very fpacious Vale, incompafled with a ridge of Hills, not 
very high in comparifon of many other in the Moon, nor yet very fteep. 
The Vale it felf A B C D, is much of the figure of a Pear, and from fc- 
vcral appearances of it, feems to be fome very fruitful place, that is, to 
have its furface all covered over with fome kinds of vegetable fubftan- 
ccs 5 for in all pofitions of the light on it, it feems to give a much fainter 
refle&ion then the more barren tops of the incompafiing Hills, and thofo 
a much fainter then divers other cragged, chalky, or rocky Mountains 
of the Moon. So that I am not unapt to think, that the Vale may have 
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Vegetables analogus to our Grafs, Shrubs, and Trees 3 and moft of thefe 
incompafling Hills may be covered with fo thin a vegetable Coat, as we 
may obferve the Hills with us to be, fuch as the fhort Sheep pafture which 
covers the Hills of Salisbury Plains. 

Up and down in feveral parts of this place here deferib’d ( as there 
are multitudes in other places all over the furface of the Moon ) may 
be perceived feveral kinds of pits, which are fhap’dalmoft like a difh, 
fome bigger, fbme lefs, fome fhallower, lorne deeper, that is, they feem 
to be a hollow Hetnifphere^ incompafled with a round rifing bank, as if 
the fubftance in the middle had been digg’d up, and thrown on either 
fide. Thefe feem to me to have been the eflfe&s of fome motions within 
the body of the Moon, analogus to our Earthquakes, by the eruption 
of which, as it has thrown up a brim, or ridge,round about, higher then 
the Ambient furface of the Moon, fo has it left a hole, or depreffion, in 
the middle, proportionably lower 3 divers places refembling fbme of 
thefe, I have oblerv’d here in England , on the tops of fome Hills, which 
might have been caus’d by fome Earthquake in the younger dayes of the 
world. But that which does moft incline me to this belief, is, firft:, the 
generality and diverfity of the Magnitude of thefe pits all over the bo¬ 
dy of the Moon. Next, the two experimental wayes, by which I have 
made a reprefentation of them. 

The firft was with a very foft and well temper’d mixture of Tobacco- 
pipe clay and Water, into which, if I let fall any heavy body, as a Bul¬ 
let, it would throw up the mixture round the place, which for a while 
would make a reprefentation, not unlike thefe of the Moon 3 but con- 
fidering the ftate and condition of the Moon, there feems not any proba¬ 
bility to imagine, that it fhould proceed from any caufe analogus to this 3' 
for it would be difficult to imagine whence thofe bodies fhould come 3 
and next, how the fubftance of the Moon fhould be fo foft 3 but if a 
Bubble be blown under the furface of it, and fuffer’d to rife, and break 5 
or if a Bullet, or other body, funk in it, be pull’d out from it, thefe de¬ 
parting bodies leave an impreflion on the furface of the mixture, exactly 
like thefe of the Moon, fave that thefe alfb quickly fubfide and vanifh. 
But the fecond, and moft notable, reprefentation was, what I obferv’d 
in a pot of boyling Alabafter, for there that powder being by the erupti¬ 
on of vapours reduc’d to a kind of fluid confidence, if,whirft it boy Is, it 
be gently remov’d befides the fire , the Alabafter prefently ceafing to 
boyl, the whole furface, efpecially that where fome of the laft Bubbles 
haverifen, will appear all over covered with fmall pits, exa&ly fhap'd 
like thefe of the Moon, and by holding a lighted Candle in a large dark 
Room, in divers pofitions to this fprface, you may exa&ly represent all 
the Th&nomena of thefe pits in the Moon, accordingly they are more or 
l^fs inlightned by the Sun. 

And that there may have been in the Moon fome fuch motion as 
this, which may have made thefe pits, will feem the more probable, 
if we fuppofe it like our Earth, for the Earthquakes here with us feem 
to proceed from fbme fuch caufe, as the boyling of the pot of Ala- 
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bafter , there Teeming to be generated in the Earth front Tome fubter- 
raneous fires, or heat, great quantities of vapours, that is, of expan¬ 
ded aerial fubftances, which not prefently finding a paflage through the 
ambient parts of the Earth;, do, as they are increafed by thefupplying 
and generating principles, and thereby ( having not fufficient room to 
expand themfelves ) extreamly condens’d , at laft overpower, with 
their elajlick^ properties, the refiftenceof the incompafling Earth, and 
lifting it up, or cleaving it, and lb fhattering of the parts of the Earth 
above it, do at length, where they find the parts of the Earth above them 
more locfc, make their way upwards, and carrying a great part of the 
Earth before them, not only raife a fmall brim round about the place,out 
of which they break , but for the moft part confiderable high Hills and 
Mountains, and when they break from under the Sea, divers times, 
mountainous Iflands 5 this Teems confirm’d by the Vulcans in Teveral 
places of the Earth, the mouths of which, for the moft part, are incom- 
pafled with a Hill of a confiderable height, and the tops of thole Hills, 
or Mountains, areufually fhap'd very much like thefe pits, ordilhes, of 
the Moon .* Inftances of this we have in the defcriptions of AHna in Si - 
cily^ of Heel a in Iceland , of Tenerif in the Canaries , of the Teveral Vul - 
cansin Nerv-spain^ deferib’d by Gage^ and more efpecially in the erupti¬ 
on of late years in one of the Canary Illands. In all of which there is not 
only a confiderable high Hill raifed about the mouth of the Vulcan , but, 
like the fpots of the Moon, the top of thole Hills are like a dilh, or ba- 
Ion. And indeed, if one attentively confider the nature of the thing, 
one may find fufficient reafon to judge, that it cannot be otherwile 5 for 
thele eruptions, whether of fire, or Tmoak, alwayes rayling great quan¬ 
tities of Earth before them, muft necefiarily, by the fall of thofe parts 
on either fide, raife very confiderable heaps. 

Now, both from the figures of them, and from Teveral other cir- 
cumftances, thele pits in the Moon Teem to have been generated 
much after the lame manner that the holes inAlabafter, and the VuV 
cans of the Earth are made. For firft, it is not improbable, but that 
the fubftance of the Moon may be very much like that of our Earth, 
that is, may confift of an earthy, Tandy, or rocky fubftance, in Teveral of 
its fuperficial parts, which parts being agitated, undermin’d, or heav’d 
up, by eruptions of vapours, may naturally be thrown into the lame 
kind of figured holes, as the Imall dull, or powder of Alabafter. Next, 
it is not improbable, but that there may be generated, within the body 
of the Moon, divers fuch kind of internal tires and heats, as may pro¬ 
duce Tuch Exhalations 5 for fince we can plainly enough dilcover with a 
Tekfiope , that there are multitudes of fuch kind of eruptions in the 
body of the Sun itfelf, which is accounted the moft noble /Etherial bo¬ 
dy, certainly we need not be much fcandaliz’d at fuch kind of altera¬ 
tions, or corruptions, in the body of this lower and lels confiderable 
part of the univerfe,the Moon, which is only fecundary, or attendant, 
on the bigger, and more confiderable body of the Earth. Thirdly, tis 
not unlikely, but that fuppofingfuch a Tandy or mouldring fubftance to 
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be there found, and fuppofing alfoa poffibility of the generation of the 
internal elajlical body ( whether you will call it air or vapours) tis 
not unlikely. I lay, but that there is in the Moon a principle of gravita¬ 
tion, fuch as in the Earth. And to make this probable, I think, we need 
no better Argument, then the roundnefs, or globular Figure of the bo¬ 
dy of the Moon it felf, which we may perceive very plainly by theTe- 
lefcope , to be (bating the fmall inequality of the Hills and Vales in it, 
which are all of them likewife fhap’d, or levelled, as it were, to anfwer 
to the center of the Moons body ) perfectly of a Spherical figure, that 
is, all the parts of it areforang’d (bating thecomparitively fmall rug- 
gednefs of the Hills and Dales ) that the outmoft bounds of them are 
equally diftant from the Center of the Moon, and confequently, it is 
exceedingly probable alfo, that they arc equidiftant from the Center of 
gravitation3 and indeed, the figure of the fuperficial parts of the Moon 
are fo cxaCHy fhap’d, according as they fhould be, fuppofing it had a 
gravitating principle as the Earth has, that even the figure of thofe 
parts themlelves is of fufficient efficacy to make the gravitation, and the 
other two fuppofitions probable: fb that the other fuppofitions may be 
father provd by this confiderable Circumftance, or Obfervation, then 
this fuppos’d Explication can by them 3 for he that (hall attentively 
obferve with an excellent Telefcope, how all the Circumftances, notable in 
the ffiape of the fuperficial parts, are, as it were, exaftly adapted to 
fuit with ffich a principle,will,if he well confiders the ufual method ofNa- 
ture in its other proceedings,find abundant argument to believe itto have 
really there alfo fuch a principle^ for I could never obferve,among all the 
mountainous or prominent parts of the Moon ( whereof there is a huge 
variety ) that any one part of it was plac’d in fuch a manner,that if there 
fhould be a gravitating, or attracting principle in the body of the Moon, 
it would make that part to fall, or be mov’d out of its vifible pofture. 
Next, the fhape and pofition of the parts is fuch, that they all feem put 
into thofe very fhapes they are in by a gravitating power ** For firft,there 
are but very few clifts, or very fteep declivities in the afeent of thefe 
Mountains 5 for befides thofe Mountains, which are by Hevelius call’d the 
Apennine Mountains, and fome other, which feem to border on the Seas 
of the Moon, and thofe only upon one fide, as is common alfo in thole 
Hills that are here on the Earth $ there are very few that feem to have 
very fteep afeents, but, for the moft part, they are made very round, 
and much refemble the make of the Hills and Mountains alfo of the 
Earth 3 this may be partly perceived by the Hills incompafling this Vale, 
which I have here deferib’d 3 and as on the Earth alfo, the middlemoft 
of thefe Hills feems the higheft, fo is it obvious alfo, through a good Te- 
lefcope , in thofe of the Moon 3 the Vales alfo in many are much fhap’d 
like thofe of the Earth, and I am apt to think, that could we look upon 
the Earth from the Moon, with a good Telefcope , we might ealily enough 
perceive its furface to be very much like that of the Moon. 

Now whereas in this fmall draught, (as there would be multitudes if 
the whole Moon were drawn after this manner) there are feveral little 
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Ebullitions, orDifhes, even in the Vales themfelves,and in the incompaf- 
(ing Hills alfo 5 this will, from this fuppofition, ("which I have, I think, up¬ 
on very good reaibn taken ) be exceeding eafily explicable 5 for, as I 
have feveral times alio obferv’d, in the furface of Alabafter lb ordered, 
as I before deferib’d, fo may the later eruptions of vapours be even in the 
middle, or on the edges of the former 5 and other fucceeding thefe alfo 
in time may be in the middle or edges of thefe, of which there are 
Inftanccs enough in divers parts of the body of the Moon, and by a 
boyling pot of Alabafter will be fufficiently exemplifi’d. 

To conclude therefore, it being very probable, that the Moon has a 
principle of gravitation, it affords an excellent diftinguilhinglnftance 
in the fearch after the caufe of gravitation, or attraction, to hint, that it 
does not depend upon the diurnal or turbinated motion of the Earth, as 
fome have fomewhat inconfiderately fuppofed and affirmed it to do 5 for 
if the Moon has an attractive principle, whereby it is not only fhap’d 
round , but does firmly contain and hold all its parts united, though 
many of them feem as loofe as the land on the Earth, and that the Moon 
is not mov’d about its Center, then certainly the turbination cannot be 
the caufe of the attraction of the Earth $ and therefore fome other 
principle muft be thought o£ that will agree with all the fecund ary as 
well as primary Planets. But this, I confels, is but a probability, and 
not a demonftration, which (from any Oblervation yet madej it feems 
hardly capable of, though how fuccelsful future indeavours (promoted 
by the meliorating of Glafles, and obferving particular circumfrances) 
may be in this, or any other, kind, muft be with patience expeCted. 








cJ5> «4r> c &* «'iS* «'t&* «&» <&■> «&* *&* ♦t&fr <A* ^tfr* <&* «&» «&* «J6* «<6» *i!r» cvfr> *t&». 

ssSasgg^sssgagagsssssagssasassasRsasBSisisssissg 

vj* *'5^> " c 5^ > c*£o c*j\> <-$*-> c*Jo ^-jo <^y c5^> c^» ^j?> «^jS> c*J^>, c^> 


THE TABLE 


Pag. i 

1 Obfcr vat. i. Of the point of a Nee¬ 

dle. 

2 A Defaription of it : what other 
JJ\ Bodies have the flyarpejl points : 
of the ruggednefs of poliflot Metal. A 

%' defeription of a printed point. Of ve¬ 
ry fmall writing 3 and the ufe of it for 
fecret intelligence : the caufe of the 
courfneff of printed lines and points • 

4 Oblerv.2. Of the Edge of a Razor. 

A defeription of it : the caufes of 

5 its roughneff: of the roughneff of very 
well polifjt Optic l^ GlaJJes. 

Obfer.3. Of fine Lawn. 

A defeription of it: A Jilkgn Flax 
mention d^an attempt to explicate the 

6 Phenomena of it ^ with a conjecture 
at the caufe of theglofeof Silk. 

Obferv. 4.. Of Tabby. 

A feort defeription of it. A conje- 

7 Bure about the reafon why Silk^is Jo 
fufeeptible of vivid colours : and why 
Flax and Hair is not. A conjecture 3 
that it may perhaps be pojfible to ffin 
a kind of artificial Silk out of jo me 
glutinous fubfiance that may equalize 
natural Silk. 

3 Obferv. 5. Of water’d Silks. 

7 he great unaccuratenefe of artifi¬ 
cial works- A defeription of a piece of 

9 water d Silky an Explication of the 
caufe of the Phenomena .* the way by 
which that operation is perform d .* 


feme other Phenomena mention d 10 
depending on the fame caufe . 

Obferv. 6. Of Glals-Canes. 

7 he exceeding fmalnefi of feme of 
thefe Bodies By what means the hol- 
lownefe of thefe fmall pipes was difeo- 
verd:fever al Phenomena of it men- 11 
tiond. An attempt to explicate them 
from the congruity and incongruity of 12 
Bodies : what thofe proprieties are. A 13 
hypothetical explication of fluidity : of 
thefluidity of the airlandfever al other 14 
Phenomena of it : of congruity & in- 15 
congruity 5 illuflratedwith fever al Ex- 16 
periments:what eff eCts may be aferib’d 17 
to thefe properties : an explication of 18 
the roundneff of the jurface of fluid . 
Bodies : how the ingrejf of fluid bodies 1 9 
into a fmall hole of an heterogenious 20 
body is hindred by incongruity 5 a 
multitude of Phenomena explicable 21 
hereby. Several Queries propounded j 
I. Concerning the propagation of light 
through differing mediums. 2. Con- 22 
cerning Gravity. 3. Concerning the 
roundneff of the Sun 3 Moon 3 and Pla- 
nets. 4. Concerning the roundneff of 
Fruits 3 Stones 3 and divers artificial 
Bodies. His HighnefiPrince Rupert’s 23 
way of making shot. Of the roundneff 24 
of Hail. Of the grain of Kettering 
Stone^and of the Sparks of fire. $.Con- 2 5 
cerning ffringineff and tenacity. 

6. Concerning the original of Foun- 26 
tains j fever al Hijlories and Experi¬ 
ments relating thereto. 7. Concerning 2j 
the clijjolution of Bodies in Liquors. 

8. Concerning the uhiverfaUty of this 28 
Principle: what method was taken in 
making and applying experiments. The 

explication 






The Table. 


explication of filtration 9 and feveral 

29 other Phenomena finch as the motion 
of Bodies on the furface of Liquor sfe- 

30 veral Experiments mention d to this 
purpofe.Of the height to which ihe wa¬ 
ter may rife in thefe Tipes^and a conje- 

31 dure about the juices of Vegetables^ 
the ufe of their pores. A further expli¬ 
cation of Congruity:And an attempt of 
folving the Phenomena of the ftrange 
Experiment of the fiufjenfion of the 

3 2 Mercury at a much greater height 
then thirty inches. The efficacy of im¬ 
mediate contatt) and the reafen of it. 

33 Obferv.Of Glalsdrops. 

Several Experiments made with 

34 thefe fim all Bodies. The manner of the 
breaking and flawing of them 5 expli- 

35 Cated by Figures. What other bodies 
will be flawed much in the fame man- 
ner : fome other tryals 3 and a deferip- 
tion of the Drops themfelves : fome 
conjectures at the caufe of the Phe¬ 
nomena jndeavoured to be madepro- 

3 6 bable by feveral Arguments and Expe¬ 
riments. An Experiment of the txpan- 
fion of Water by heat^and fljrinkjng by 
cold : the like Proprieties fuppos'd in 

3 7 Glafldrops 3 and what effects proceed 
from them : the feven Propofitions on 
which the conjectures are grounded. 
Experiments to fhew, that bodies ex- 

38 pand by heat. The manner of making 
Thermometers , and the Injlrument 

39 for graduating them. The manner of 
graduating them, and their ufi: Ci¬ 
ther Experiments to prove the expan - 

4 ° Jion of bodies by heat.Four experimen¬ 
tal Arguments to prove the expanflon 

41 of Glafl by heat: further prov'd by the 
Experiment of boyling Alabafler 5 
which is explicated. An explication 
of the contra&ing of heated Glaflup- 

42 on cooling. An explication how the 
parts of the Glafl become bent by fad- 
den cold : and how kept from extrica¬ 


ting themfelves by the contignation of 
the Glafl drop j which is further ex¬ 
plicated by another Experiment made n 
with a hollow Glafl ball: the reafon of ^ 
the flying afunder of the parts further 
explicated : that tisprobable thefe bo¬ 
dies may have many flaws 5 though not 
vifible^and why : how a gradual heat¬ 
ing and cooling does put the parts of 44 
Glafl , and other hardned bodies , 
into a loofer texture. 

Obferv. 8. Of Fiery Sparks. 

The occafion and manner of ma¬ 
king this Experiment: divers Obfer- 
vationsfit down in order to thefind¬ 
ing out the reafons : fome conjectures 
concerning it 3 which are endeavoured 
to be explicated and confirm'd by fe¬ 
veral Experiments and deafens: the 
Hypothecs a little further explica¬ 
ted. Some Obfervations about the 
Globular Figure : and an Experiment ^ 
of reducing thefilings of Tin or Lead 
to exaCtly round Globules. 

Obferv, 9. Of Fantaftical Colours. 

The texture of Mufcovy Glafl 5 its 
Figuresiwhat other Bodies are like it: p 
that it exhibits feveral colours 3 and ^ 
how feveral Obfervations and Experi¬ 
ments about thofe colours : the reafen 
why on this occafion the nature of co- 49 
lours is inquir'd into. A conjecture at 
the reafen of thefe colours explicated 5 ° 
by feveral Experiments and deafens : 

Firji 5 by continual cleaving the Body 
till it become colour'd. Secondly 3 by 
producing all kinds of colours with 
two flat Plates of Glafl. Thirdly, by 
blowing Glafife thin in the Lamp, till 
it produce thefame efleCt. Fourthly fly ^ 1 
doing the fame with Bubbles of' di¬ 
vers other tranjparent Bodies: the 
reafons of the colours on nealedsteef 
where by the way the caufes of the 5 2 

hardning 






fhe Table 


52 hardning and tempering of Steel , 
endeavour d to be Jhewn and explica¬ 
ted by feveral Reafons and Experi¬ 
ments: the reafon of the colours on 

53 Leadr^Braf^Copper, Silver ^ See. other 
Injlances of fuch colour'd bodies in 
animal fubjlances : feveral other di- 

flinguifhing Obfervatiens. DesCartes 

54 Hypothesis of Colours examind. An 
Hypothefis for the explication of 
light by motion 5 indeavoured to be 
explicated and determined by feve- 

5 5 ral Reafons and Experiments : three 
dijlingniJhiHg Froperties of the moti- 
on of light. 1 he Jiflinguiftnng Proper¬ 
ties of a trajparent Medium that 
therefeems to be no Experiment that 
proves the Injlantaheous motion of 
light ] the manner of the propagati¬ 
on of light through them. Of the ho- 
mogeniety and heterogeniety of 
tranfparent Mediums , and what ef¬ 
fects they caufeon the Rayes of light 5 
explicated by a Figure: an Exami- 

^3 nation of the refraction of the Rays 
by a plain Surface 3 which caufes Co¬ 
lours. An Examination of the like ef- 

n fedsproduced by a jphericalSurface : 

' the ufe that may be made of thefe Ex¬ 
periments 5 for the examination of 
feveral Hypothefes of Colours . Des 

60 Cartes HypotheSis examind. Some 

6 1 Difficulties taken notice of in it. What 
feems mofl likely to be the caufe of co¬ 
lour: that propriety is indeavoured 

92 to be Jhewn in a Glafl ball: that the 
reflection is not necefjary to produce 

63 Colours nor a double refaction : the 
HypotheSis further examinedfoth in 

6 4 the pellucid Medium and in the Eye. 
The definitions of Colours^and afur- 

65 ther explication and examination If 

66 the Proprieties of laminated Bodies 5 

67 by what means they conduce to the 
production of Colours. 

Obferv. 10. Of Metalline Colours, 

£8 That all Coloursfeem to be caus'd by 


refraCtion. An HypotheSis conjoint hi 
hereunto.explicated by Figures. How 69 
feveral Experiments , of the fudden 
changing of Colours by Chymical Li¬ 
quors 3 may be hereby explicated : how 70 
many wayes fleh Chymical Liquors 
may alter the colours of Bodies. 
Objections made againft this Hypo- 71 
thefis of two colours onlyjndeavour- 
ed to be anfiverd , by feveral Reafons 
and Experiments . The reafon why 72 
fome Colours are capable of being di- 
luted ^others not:what thofe are: that 
probably the particles of moft metal¬ 
line Colours are tranfparent 3 for this 
feveral Arguments and Obfirvations 
are recited : how Colours become in- 73 
capable of diluting , explicated by a 
Similitude. An Inflrument : by which 74 
one and the fame coloured Liquor at 
once exhibited all the degrees of co- 
lours between the palefl yellow and 
deepejl red : as likewife another that 
exhibited all varieties of blues', fe¬ 
veral Experiments try cl with thefe 
Boxes. An ObjeClion drawn from the 75 
nature of Painters colours anfwered: 
that diluting and whitening a colour 
are different operations $ as are 
deepening and blackening : why Come 
may be diluted by grinding^ and fome 
other by being tempered with 0 ) 1 1 
feveral Experiments for fhe explica - 76 
ting of fome former Ajjertions: why 77 
Painters are forced to make ufe of 
many colours : what thofe colour fare t 
and how mixt. The conclufion 3 that 78 
mofl coloured Bodies feem to conflfl 
of tranfparent particles : that allco- 79 
lours dijjolublc in Liquors are capa¬ 
ble of diluting : fome of mixings what 
a fir ange variety may thereby bepro- 
dued. 

Obferv. 11. Of the Figures of 
Sand. 

Of the fubflances and fljapes of gd 
JL 1 common 







The Table. 


common And other Sands : a deferi- 
ption of a very fmall Shell, 

81 Obferv. 12. Of Gravel in Urine. 


A defer ip t ion of fitch Grave f and 
82 fome tryals made with it , and conje¬ 
ctures at its caufe. 

Obfer. 13. Of Diamonds in Flints. 


A defeription and examination of 
feme of them , explicated further by 
83 Cornifid Diamonds : feveral Obfirva- 
tions about reflection and refraction : 
and feme deductions therefrom 5 as 
an explication of whitenefi 3 that the 
Air has a fironger reflection then Wa- 
ter • Howfeveral Bodies may be made 
T tranfparent : an explication of the 
g* Phenomena 0/" Oculus Mundi. Of 
y the regular Geometrical Figures of 
2$ fever al Bodies : an hypothetical expli- 
o 7 cation mentioned: the method of pro- 
fecuting this inquiry, 

gg Obferv 14. Of frozen Figure . 


The Figures of hoar Profit and the 
2q Vortices on windows : fever al Obfer- 
7 vations on the branched Figures of 
q 0 Urine : the F/^rej^RegulusMar- 
qj tisftellatus, and of Fern, OftheFi- 
^ 2 gures of Snow. Of frozen water. 

Obferv. 15. Of Kettering Stone. 


po A defeription of the Figure of the 
94 Particles , and of the Pores ^ and of the 
Contexture. SeveralObfervations and 
q6 Confederations thereupon : fome Con¬ 
jectures about the medium and pro- 
Q7 potion of lights and the confiitution 
7 of fluid and tranjparent Bodies, Se- 
r,8 veral Experiments to prove the po - 
roufnefi of \Marble , and fome other 
Stones. An account oj fome Experi¬ 
ments to this purpofe made on an 


Oculus Mundi : feme other Confide - 99 
rations and Experiments about the 
poroufnefiof Bodies: fome other Con- jqo 
federations about the propagation of 
light and refraCtion. 

Obferv. 16. Of Charcoal. 

■ > • ,> * 

Of two fort of Pores to be found jqj 
in all Woods and Vegetables 5 the 
Jhape of them 5 the number 3 thie f; 
nefi) manner and ufe of thefe Pores. 

An explication of the Phenomena 102 
of Coals, The manner of charring 
Wood , or any other body. What part 
of Wood is combufiible. An Hypo- IO o 
thefis of fire explicated in twelve I0 ^. 
particulars , wherein the Adion of 
the Air , as a Menftruum, in the dife 
folution of all fulphureous bodies , is 
very particularly explicated , and 105 
fome other Confederations about the 
Air propofed: the examination of 
a piece of Lignum foffile font from IC £ 
Rome,' and fome Conclufeons thence 
deduc'd. 

Obferv. 17. Of Wood, and other iqj 
Bodies, petrified. 

Several Obfervations of divers 
hinds of thefefubfiances. A more par- 108 
ticular examination and explicati¬ 
on of one very notable piece of petri¬ 
fied Wood 3 and fome Conjectures a- 
bout the caufe of thofe pro dud ions : 
fever al Obfervations made on other l0q 
petrified Bodies , as Shells , &c. And j IO 
feme probable Conclufeons thence de- j j j 
ducd 0 about the original caufe of J12 
thofe Bodies, 

Obferv* 18. Of the Pores of Cork, y 
and other Bodies. 

Several Obfervations and Confe¬ 
derations about the nature of Cor\: 1 *4 
the number of Pores in a cubical 

Inch , 
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Inch 3 and feveral Confederations a- 

115 bout Pores . Several Experiments 
and Obfervations about the nature 
of Cork 'J the Texture and Pores of 
the Pith of an Elder , and fever al 0- 
ther Trees : of the Stalks of Bur- 

docks fieafels^Daifiesf arret fennel^ 

116 FernefReeds^ Sec. of the frothy tex- i 
ture of the Pith of a Feather: fome 
Conjectures about the probability of 
values in thefe Pores. Argued alfo 

from the Phenomena of the fenfi- 
ny ble and humble Plant: feme Obfer- 

120 vations on which are inferted. 

121 Obferv. 19. Of a Vegetable 

growing on blighted Leaves. 

122 Several Obfervations and Ex a- 

123 minations made of them: fever al 

124 Confederations about fiontaneous 

125 generation arifing from the putre¬ 
faction of Bodies. 

Obferv. 26. Of Blew Mould and 
Mufhrcmes. 

126 The defeription of feverai kinds 
12 y of Moulds. The method of proceed¬ 
ings natural Inquiries. Several 
Confederations about the nature of 
Mould and Mufejromes. t. That 
they may beproduc'd without feed. 

2. That they feem to have none. 

3. That Salts fkc. arefhap'd into as 
28 curioHS fi& ures without a feed. 4. Of 

a fynd of Mufdrome growing in a 
Candle: A more particular explica¬ 
tion of this laftfort of Mufejromes. 
129 5 * Of the figure and manner of the 
* production of petrified Iceiclesfeve- 
ral deduCiionsfrom thefe Confidera- 
tions 5 about the nature of the vege- 
3 tation of Mould and Mufejromes. 

Obferv. 21. Of Mofs. 

j 32 The defeription of fever al forts of 


Mofes'-i upon this occafion fever al 
ConjeCtures^about the manner of the 
production of thefe kinds of Bodies , 
are hinted 3 and feme of them expli¬ 
cated by a Similitude taken from a *33 
piece of Clockwork Thevajt diffe- 
rence of the bignefiof vegetable Bo¬ 
dies ^ and the probability that the 
leafi may comprehend as curious 
contrivances as thegreatefe. Of mul- 155 
titudes of other Moulds 5 Mojfes^and 
Mufejromes 0 and other vegetating 
Principles 3 in Water, Wood 5 8ec. 

Obferv. 22. Of Sponges^and other 
fibrous Bodies. 

Several Obfervations andConje- 
Ctures about the making of thefe Bo¬ 
dies 5 and fever al Hifeories out of 
Authors.Scarce any other Body hath 1 37 
fuch a texture^ the fibrous texture 138 
of Leather> Spunks Sec. (whichare 139 
there deferib'd j come nearefe to it. 

That upon tryal with a piece of 
Spunge and Oyl the necejfity of re- 
fpiration could not be alter di 

Obferv. 23. Of the Form of Sea¬ 
weed* 

From the curioufiy fejap d Sur¬ 
face of this Sea-weed 3 and fome 0- 
thersjs conjeCtured thepojjibility of 141 
multitudes of the like. 

Obferv. 24. Of the Surfaces of 
fome Leaves. 

The defeription , t. Of the bald 
Surf aces of Leaves. 2. Of the dow¬ 
ny Surfaces of feveral others. 

3. Of the gummous exfudation^ or 
fmall tranfparent Pearls 3 difeovered 
with a Microfcope in feveral 0- 
thers. An Infiance of all which is 
afforded in a Rofemary Leaf 

Obferv^ 
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Obferv. a5. Of the flinging 
Points of a Nettle. 

- -v. ; \ vi 

A defeription of the “Needles and 
feveral ether contrivances in the leaf 

144 of a Nettle : how the flinging pain is 
created : upoti this jeveral confedera¬ 
tions about poyfoning Darts are feet 
down. An Experiment of killing Effs, 
and Fijhes with Salt. Some conjectures 
at the efficacy of Baths 5 the ufe that 
may be made of injeding into the 

145 Veins. A very remarkable Hiflory 
out of Bellonius 3 andfome Confede¬ 
rations about [laining and dying of 
Bodies. 

Obferv. 26 . Qf Cowage. 

The defection of it out e/Parkin- 

146 fon: an Experiment made of it : a de¬ 
feription) and fame conjectures at the 
caufe of the Phenomena. 

Obferv. 27. Of the Beard of a 
wild Oat. 

147 

148 The defcriptioti of its JJjape and 
14 9 properties : the manner of making a 
i^o Hygrofcope with it 5 and a Conje- 

Cture at the caufe s of thefe motions 9 
jj 2 and of the motions of the Mufcles, 

Obferv. 28. Of the Seeds of Ve* 
nice Looking*glafs. 

1 73 The defeription of them. 

OMer. 29. Of the Seeds of Time. 

154 A defeription of them. A dtgrejfion 
about Natures method . 

Obferv. 30. Of PoppySeeds. 

iff The defeription and ufe of 
them. 


Obferv. 31. Of Pnrflane Seeds. 176 

A defeription of thefe and many 
other Seeds. 

Obferv. 32. Of Hair. ^ 

The defeription of feveral forts of 178 
Hair 5 their Figures and Textures: 
thereafon of their colours, A deferipti- 
on of the texture of the s kin 3 and of i6 Q 
Spunky and Sponges : by what paf i$j 
fages and pores of the skin tranfpira - 
tion feems to be made. Experiments 
to prove the poroufhefs of the skin of 
Vegetables . 

Obferv. 33. Of the Scales of a 1 ( 1 
Scale. 

A defeription of their beauteous 
form. 

Obferv. 34.Of the Sting of a Bee. , 5^ 

A defeription of its Jhape 3 mecha: 
nifme, and ufe. * 

• A ' ' .... . t ( . ' , 

Obferv. 35. Of Feathers. ^7 

v 1 66 

A defeription of the Jhape andcu- j 
rious contexture of Feathers : and 
fome conjedures thereupon. 

Obfer.3$. Of Peacocks Feathers. 

1 • -1 ‘«.• \ i \ mVOV \ 

A defeription of their curious form 
andproprieties ; with atonjedurt at 169 
the caufe of their variable Colours. 

Obfer. 37. Of the Feet of Flyes, 
and other I&fedte. 

A defeription of their figure,parts, l7Q 
and ufe 3 and fome confederations j 7 x 
thereupon ♦ 


Obferv* 
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172 Obfer.38. Of the Wings ofFlyes. 

' . • 

After what manner^cind how fwift- 

173 ly the wings of Inf ells move. A de¬ 
feription of the Pendulums under the 

174 wings , and their motion: the fhape 
andflruUure of the parts ofthe wing. 

lie . v 

J 7T Obfer. 39. Of the Head of a Fly. 

1. Aft the face of a Drone-fly is no¬ 
thing almofi but eyes. 2. Thofe are 

176 of two magnitudes. 3. They are 
Hemifpheres , and very reflexive and 
fmooth. 4 .Some direUed towards eve¬ 
ry quarter. 5. How the Fly cleanfes 
tbem.6 Their number. 7.Their order : 

177 divers particulars obferv d inthedif 

178 felling a head. That thefe are very 
' probably the eyes of the Creature 3 ar* 

gued from feveral Obferv ations and 

179 Experiments , that Crabs 3 Lobflers , 
Shrimps jeem to be water Infells,and 
to be framed much like Air Infells. 

x 8o Several Confederations about their 
manner of vifion. 

Obfer.40.Of the Teeth of a Snail. 
ISI A brief defeription of it. 


grejfive-,andtransformation. A Hiflo- 187 
ry (omewhat Analogus cited out of 
Pifo. Several Obfervations about the x gg 
various wayes of the generations of 
In [elds : by what means they all jo x 
feeming/y wifely and prudently Seve- ,j.y Q 
ral Queries propounded. Poflfcript , r ^ x 
containing a relation of another very j^ 2 
odd way of the generation of Infells. 

An Obferv ation about the fertility ^ 
the Earth of our Climate in producing 
divers other wayes of 
v * ' v S \ ' ■ 

•• ■ ' jV'.N -Vi '• ■; sr\ in* 

Obferv* 44. Of the tufted Gnat. 

\\f. gaiiL . ■ rli V , . 21,0 

Several Obfervahles about Infells , 
and a more particular defeription of 194 
the parts of this Gnat. 

V : . . ' ' .J } /* A\y IjflV-'A ■' \ i : 7^ „ 

Ob.45.Of the great belly’d Gnat. x ^ 7 

AJhort defeription of it ♦ 

Obfer. 46. Of a white Moth. 

A defeription of the feathers and 
wings of this, and fever al other In- x ^ 7 
fells. Divers Confiderations about the 
wings, and the flying of In fells and 
Birds. 


Infells, and of 
their generation 


Obferv. 41. Of the Eggs of Silk¬ 
worms. 

18a Several Obferv able s about the 

Eggs of In fell s: 

Obferv. 42. OfablueFly. 

. 

184 dl defeription of its outward and 
inward parts. Its hardinefs to indure 
187 free%ing 0 andfleeping inSpirit of wine. 

Obferv. 43. Of a water Infe&. 

18 £ A defeription ofitsJhape, tr an (pa¬ 

tency, motion 5 both internal and pro - 


Obf. 47. Of the Shepherd Spider. 

A defeription of its Eyes: and the 
foe pets of its long legs: and a Conje - 199 
Uure of the mechanical reafon of its ? ; 
fabrick ; together with a fapportion 5 
that 'tis net unlikely [but Spiders may 
have the make of their inward parts 
exaHly like a Crab , which may be 20 § 
call'd a water Spider. 

Obfer.48. Of the hunting Spider. 

A jhort defeription of it s to which 
is annext an excellent Hiflory of it <> 
made by Mr ♦ Evelyn. Some further 
M ill Obfer* 
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zOi Obfervations on other Spiders , and 
their Webs , together with an exami¬ 
nation of a white Sub fiance flying up 
and down in the Air after a Fog, 

b V»\ y , • * l U i ■ x 

20 Obfer. 49. Of an Ant. 


That all [mall Bodies, both Vege¬ 
table and Animal\ do quickly dry and 
wither,The befl remedy 1 found to hin¬ 
der it,and to make the Animallyeflill 
404 to be obferv d. Several particular s re¬ 
lated of the actions of this Creature $ 
2© 7 and a Ihort defer iption of its parts. 


Obf. 50. Of the wandrieg Mite. 


mation of the variety of forms in other 
Blites 5 with a Conjedure at the t ea* 2 j y 
(on, 

Ob. y6. Of fmall Vine-Mites. 

A defeription of them ; aghefl at 
their original • their exceeding fmal- 
nefs compar y d with that of a Wood- 2 16 
loufeffrom which they may be fuppos'd 
to come, 

Obferv. 57. Of Vinegar-worms. 

\W 1 . A Cr. \ \ * 3 I 

A defeription of them, with fome 217 
confiderations on their motions. 


20 6 A defeription of this Creature , and 
of another very fmall one, which ufu- 

207 a ^!f ^ ore ** company, A Conjedure at 
the original of Mites, 

Obferv.51. Of a Crab-like Infed. 

208 A brief defeription of it. 

Obferv. 52. Of a Book-worm. 

209 A defeription of it 3 where by the 
way is inferted a digreffion, experi¬ 
mentally explicating the Phaenome- 

210 na of Pearl. A con (deration of its 
digeflive faculty. 

Obferv. 53. Of a Flea* 

211 A fhort defeription of it. 

Obferv. 54. Of a Loufe. 

212 A defeription of its parts,and f me 

213 notable circumftances. 

Obferv. 57. Of Mites. 

The exceeding fmalnefl of fome \ 
Mites ^and their Eggs. A defeription 

214 of the Mites of Cbeefe: and an inti- 


Obf. 58. Of the Inflexion of the 
Rays of Light in the Air. 

A Jhort rehearfal of feveral Phse- 218 
I nomena. An attempt to explicate 219 
them-.the fuppofition founded on two 
Proportions ? both which are indea - 
voured to be made out by feveral Ex¬ 
periments. What denfity and rarity 
is in rcffeCl of ref ration: the refracti¬ 
on of Spirit of Wine compared with 
that of common Water: the refaction i2 ° 
of Ice. An Experiment of making an 
Undulation of the Fays by the mixing 
of Liquors of differing denfity. The 
explication of inflexion, mechanic 221 
cally and hypothetically : what Bodies 
have fuch an inflection. Several Ex¬ 
periments to Jhnv that the Air has ■' 
this propriety 3 that it proceeds from 222 
the differing denfity of the Air : that 
the upper and under part of the Air ? r 
| &re of differing denfity ; fome Expert- 21 ^ 

| merits to prove this. A Table of the \ • 
flrength of the fpring ef the Air , an- 
Jveering to each degree of extenfion f - 
when fir ft made , and when repeated. 224 
Another Experiment of compreffing 225 
the Air. A Table of the flrength of the 226 
Air , anfwering to each comprIJfien 
and expanfion 3 from which the height 

of 
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227 °f th e dir may be fuppos'dindefinite ; 
2 2 8 to what degree the Air is rarifi'd at 
any diflance above the Surface of the 
Earth : how, from this, Inflexion is 
22 y inferred, and (everal Phenomena 
explain d. Eh at the Air near the 
Earth is compos'd of parts of differing 
22I denfity'-) made probable by feveral 
* Experiments and Obfervations ; how 
5 this propriety produces the effects of 
the waving and dancing of Bodies ; 
and of the twinfling of the Stars. 

233 Several Phenomena explicated. 
Some Queertes added. 

1 . Whether this Principle may not 
be made ufe of.\ for perfecting Op tick. 

234 Olaffes f What might be hoped from 
it if it were to be done f 

2. Whether from this< Principle 
the apparition of fame new Starr may 
not be explicated ? 

.5. Whether the height of the Air 
may be defin'd by it t 

4. Whether there may not fame- 
times be [0 great a difparity of den- 
jity between the upper and under parts 
of the Air 3 as to make a reflecting 
Surface ? 

5. Whether t if fo, this will not ex- 
2 plicate the Phenomena of the 

Clouds. An Experiment to this pur- 
pofe f 

2*6 7 * Whether the J{ayes from the 

top of Mountains are not bended into 
Curve-lines by inflexion f An Argu¬ 
ment for it,taken from an Experiment 
madeonSt. Paul/ Steeple. 

8. Whether the diflance of the 
Planets will not be more difficult to 
2$7 be found? What wayes are moft like¬ 
ly to reUifie the diflance of the Moon : 
the way of fitting Telefcopes for 
fuch Obfervations. How to make the 
« Obfervations , and how from them to 
find the true diflance of the'Moon at 
any time. How the diflance of the Sun 
may be found by two Obfervators.The 
7 My ly t hf jy'icotomy of the Moon un¬ 


certain. That the diflance of the 
Moon may be lefs then it has been 
hitherto fuppos'd. Kepler*/ Suppofiti- 
onnot fo probable-, the explication of 24 6 
the Phxuomena by another Hypo¬ 
thecs* 


Obferv. 59. Of the fixt Stars* 

Of the multitudes of Stars difeo - 
verable by the Telcfcope 3 and the 
variety of their magnitudes .*78. Stars 
diflingufht in the Pleiadestfto there 
are degrees ofbignefs even iti iheStan 
accounted of the fame magnitude: the 
longer the Glafies are, and the bigger 
apertures they will indure , the more 
fit they are for thefe difeoveries: that 
tis probable, longer Glajjes would yet 
make greatop difeoveries. 5. Stars 
difcover dinlhe Galaxie of Orion / 
6 1 word. 
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Obferv- 6 o, Of the Moon. "I 
A defeription of a Wale in the 
Moon $ what call'd by Hevelius and 
RicciohtSj^W bow defctib'dby them • 
with what fubflances the bills of the 
Moon may be cover'd. A defeription 
of the pits of the Moon 5 and a conje - 
Clure at their caufe : two Experiments 
that make itprobable, that of the fur= 
face of boyl*d Alabafler dufl feeming 244 
the mofl likely to be refembledby eru¬ 
ptions ofvapours out of the body of the 
Moon : that Earthquakes feem to be 
generated much the fame way, and 
their effeds feem very fimilar.An Ar* 
gument that there may be fuch varia¬ 
tions in the Moon, becaufe greater 
have been obferv d in the Sun.becaufe . * 
the fubflance of the Moon and Earth 
feem much alike: and becaufe * tis pro¬ 
bable the Moon has a gravitating 
principle : this is argued from feveral 
particulars . Thereafonwhy feveral 4 
pits are one within another. The ufe ^ 
that may be made of this lnftance of 
a gravity in the Moon a 
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Hooke, Robert, Micrographia..., WZ 250 H782m 1665 
Condition when received: The full leather tightback bore 
extensive abrasion and small losses on both covers, especially on 
edges and comers. The hinges were weak and failing on the 
outside (leather) and on the inside (paper) supports. The text block 
had been conserved in the past to include numerous paper mends 
using inappropriately thick papers secured with unstable adhesives. 
The adhesives had darkened to yellowish and/or brown color; 
however, they were reversible. The first few pages and the last 
few pages bore visible mold activity. In addition, the pages were 
grimy. 

Conservation treatment: In preparation for digitizing, only 
minimal work was carried out. Plates and foldouts were the focus 
of treatment. Numerous old edge mends (for example, plate XII1I 
pp. 140-141; plate XXXIX pp.210-211; plate XXXV pp. 212-213) 
were removed from various foldouts and other plates using a 
methylcellulose poultice (A4M, Talas) and a Teflon tool. The 
associated adhesives were further reduced using local blotter 
washing. The tears were mended using kizukishi and tenguio 
papers (all mend papers from Japanese Paper Place) and secured 
using a combination of methylcellulose (above) and zin shofu 
wheat starch paste (BookMakers). An old mend on the top comer 
of the one half title page was not removed, due to time limitations. 
Cover hinges were reinforced using kizukishi to guard the inside 
hinges and securing with the above adhesive. The outside hinges 
were supported using acrylic toned sekishu p aper and secured with 
a three-part mixture of wheat starch paste (above): 
methylcellulose (above): Jade 403M (University Products) for 
increased flexibility. Comers were strengthened using 2% 
hydroxypropylcellulose (Klucel G, BookMakers) in ethanol 
(Nasco). Various adhesive stains (for example, pp. 10-11) were not 
reduced because of exhibition time restraints. The first few and last 
few pages were surface cleaned using a block polyvinyl eraser 
(Stadtler). Areas of mold infestation, especially edges and gutters, 
were deactivated using a lightly sprayed mixture of 20% deionized 
water : 80% ethyl alcohol (Nasco) and brought into plane using 
mild pressure in a book press (246 pages). 

Conservation carried out by Rachel-Ray Cleveland 
NLM Paper Conservator, 11/2005 
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